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ADVERTISEMENTS. 


The  phosphor  bronze  go. 

LIMITED, 


Sole  Makers  of  the  following  ALLOYS : 
PHOSPHOR   BRONZE. 

"Cog     Wheel"     and     "Vulcan        Brands.        Ingots, 
Castings,  Plates,  Strip,  Bars  and  Wire. 

"  DURO   METAL  "  c^egisterea  Title).      *  BroHze  Alloy 

for  Roll   Bearings,  Wagon  Brald^s,  &c. 

SILICIUM  BRONZE  ELECTRICAL  WIRE. 

For  Overhead  Electrical  Lines  and  other  purposes. 

White  AniifHction  Alloys^ 

PLASTIC   METAL. 

"Cog   Wheel      Brand.      The  best  filling  and    lining 
IVIetal  in  the  Market. 

BABBITT'S   METAL. 

Vulcan'  Brand.   Seven  Grades. 

"WHITE   ANT  "  METAL,  No.  L 

Cheaper   than    any    Babbitt's,  and    Equal    to    best 
Magnolia  Metal. 

"WHITE    ANT  "  BRONZE. 

Superior  to  Fenton  s  Metal  for  Car  Bearings. 

Please  apply  for  Catalogues  containing  full  partirulars  to  the 
Company'' !f  Head  Office, 

87  SUMNER  STREET,  SOUTHWARK, 
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Simplex  Steel  Conduit  System 


TRADE  MARK 


For  Interior  Electric  Wiring 

of  every  Description, 


FOR 


fXzZ    SCREWED  OR   SOCKETED  JUNCTIONS. 


PREPARED 
WELDED. 


SOLID 

DRAWN. 

The  Most  Complete 
System. 


BRAZED. 

UNBRAZED. 

ORDINARY  &  HEAVY 
GAUGE. 

Immediate  Delivery 
from  Stock. 


The  Ideal  System  for  Car  Sheds,  Inspection 
Pits,  Generating  Stations  and  all  Tramway 
Work. 


SIMPLEX    WORKS,    COVENTRY   ST.  and   DIGBETH,   BIRMINGHAM. 

The  simplex  STEEL  CONDUIT  CO.,  LO 

80  Digbeth,  BIRMINGHAM,  and  20  Bucklersbury,  LONDON,  E.G. 
And  at  MANCHESTER,  LIVERPOOL  and  GLASGOW. 
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Contracting   Engineers 
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COMPLETE  INSTALLATIONS 
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PREFACE. 


This  book    is   intended    to   be  a  thoroughly  practical 

X.      work — setting  forth  the  details  of  the  laying  out  and 

construction  of  the  permanent  way,  and  the  overhead 

equipment   of   Electric   Tramways.      The    information 

jc       given    in    this    first    edition    is  limited    to    the    above 

K\       branches  of  practical  tramway  construction,  etc.  ;  but  it 

is  intended  in  the  near  future  to  increase  the  scope  of 

the  work,  and  to  introduce  some  additional  information 

,>J       relating  chiefly  to  the  slotted  conduit  system  of  electric 

s;j3      traction,  and  also  to  electric  street,  underground,  and 

elevated   railway  systems — such,  for  example,  as  those 

in  Boston,  Mass.,  U.S.A.,  which  the  author  considers 

as  being  two  of  the  best  constructed  systems,  suiting 

the  local  conditions  under  which  they  are  operated. 

There  are  at  the  present  time  some  few  slotted  conduit 
systems  in  practical  working  ;  time  and  experience  will 
prove  the  practical  utility  and  commercial  possibilities 
of  this  system.  As,  however,  this  book  is  intended 
to  give  reliable  information  only  on  practically  suc- 
cessful working  systems,  the  author  does  not  feel 
justified  at  present  in  setting  forth  any  information 
relating  to  this  particular  branch  of  the  subject. 

My  thanks  are  due  to  Mr.  W.  G.  Rhodes,  D.Sc, 


jiaif 
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for  giving  me  permission  to  use  his  formula,  on  pages  6 
and  7  ;  and  to  Mr.  H.  C.  Gunton,  for  the  particulars 
and  details  of  the  Manchester  Corporation  System,  in 
Chapter  VII.  ;  also  to  Messrs.  R.  W.  Blackwell  and  Co., 
Ltd.,  and  Messrs.  J.  H.  Heathraan  and  Co.,  for  loan  of 
blocks  illustrating  their  specialities. 

The  author  has  used  as  books  of  reference,  Merrill's 
'  Tables,  etc.,  for  Street  Railway  Engineers  ' ;  Recken- 
zaum's  '  Electric  Traction  '  ;  H.  Percy  Boulnois'  '  Car- 
riageways and  Footways ' ;  and  that  excellent  weekly 
periodical,  the  '  London  Electrical  Review.'  For  ex- 
tracts taken  from  any  of  the  above,  he  ofifers  many 
thanks  to  the  authors,  editors,  and  publishers  of  the 
same. 

The  author  will  be  pleased  to  receive  suggestions 
and  information  which  will  increase  the  usefulness  of 
this  work,  also  notice  of  any  errors  or  inaccuracies 
which  may  have  occurred. 

W.  R.  B. 
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CHAPTER   I. 

LAYING   OUT   THE   PERMANENT   WAY. 

When  a  town,  country,  or  city  has  to  be  equipped  witli 
an  electric  light  railway  or  traction  system,  the  per- 
manent way,  before  being  actually  constructed,  has  to  be 
well  laid  out.  Before  being  laid  out,  the  gauge  and  the 
distance  apart  of  a  double  track  have  to  be  decided  upon. 
The  gauge  varies  (according  to  circumstances  and  local 
conditions)  generally  from  3  ft.  6  in.  to  4  ft.  8^  in.  ; 
in  nearly  every  case  in  good  sized  towns  and  cities 
with  moderately  wide  streets,  the  gauge  adopted  is 
4  ft.  8 1  in.  The  distance  between  a  double  track  is 
usually  about  4  feet ;  if  we  take  4  ft.  4  in.  as  the  basis 
of  our  plans,  then  the  distance  from  centre  to  centre 
of  a  double  track  will  be  9  feet  and  ^  inch.  (See  plan, 
Fig.  1.) 

The  laying  out  of  straight  track  work  is  comparatively 
simple,  but  in  the  design  and  planning  of  curves  and 
complicated  layouts,  the  problem  becomes   more  diffi- 
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cult,  and  to  lay  out  a  good  clearance  curve  where  two 
streets  of  different  widths  intersect  at  different  angles 
involves  a  good  practical  knowledge  of  the  laying  out  of 
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=^ 


TracHZ 


_1 


Fig.  1. — Double  Track. 


street  traction  work.  Fig.  2  illustrates  a  "  Single-track 
Plain  Curve,"  and  Fig.  3a"  Single-track  Right-hand 
Branch-off." 


Fig.  2. — Single-track  Plain-  Cdrve. 


In  single-track  construction,  where  the  cars  are 
running  along  the  same  street  and  track  in  opposite 
directions,  it  becomes  necessary  at  regular  intervals 
along  the  track  to  provide  means  to  allow  one  car  to 
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pass  another.       Provision   is   made    for    this   by    con- 
structing turnouts. 

Fig.  4  illustrates  a  "  Side  Turnout." 
Fig.  5  illustrates  a  "  Diamond  Turnout." 
Fig.     6     illustrates     a    "  Eight-hand    Throw-over 
Turnout." 

Fig.  7  illustrates  a  *' Left-hand  Throw-over  Turnout." 

In  the  laying  out  of  curves,  it  is  not  advisable  from  a 

practical  standpoint  to  construct  them  on  a  radius  of 


Fig.  3. — Single-track  Right-hand  Branch-off. 


less  than  40  feet  (see  Fig.  8)  ;  it  is  only  in  special  and 
unavoidable  cases  that  the  radius  of  curvature  ap- 
proaches 35  or  30  feet. 

The  reason  for  this  is  the  fact  that  the  electric  cars 
are  constructed  with  a  certain  wheel-base  which  has 
practical  limits,  and  if  sharp  curves  occur  along  a  track, 
it  is  highly  probable  that  a  car  going  at  a  moderate 
speed  would  not  take  the  curve  and  would  leave  the 
track  ;  and  there  would  also  be  a  grinding  action  taking 
place  between  the  flanges  of  the  wheels  and  the  rails, 
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which  tends  to  wear  them  away  and  diminish  the  life  of 
both  wheels  and  track. 

If  sharp  curves  occur  along  the  track,  the  wheel- 
base  of  single  trucks  must  be  correspondingly  short ; 
but  there  is  a  practical  limit  to  the  shortness  of  truck 
wheel  bases,  which  of  course  limits  the  radius  of  curva- 
ture of  the  track. 


Fddius  of  Curvdtiirs 


Fig.  8. 


If  r  is  the  radius  in  feet  of  the  sharpest  curve  on  the 
route,  t  the  width  of  the  groove  of  the  rail  in  inches, 
and  h  the  wheel  base  of  the  truck  of  the  car  in  feet, 
then  the  greatest  admissible  value  of  h  is  given  by 

7       ^  2rt 
0  =      —^  ; 


for  example,  if  ^  =  1  inch,  and  r  =  7b  feet, 

h  = =  7  feet  approximately. 
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Or,  if  ^  =  1  inch,  and  r  =  50  feet, 
b  =  x/'33^ 
=  5  •  78  feet  nearly. 

Or  again,  if  ^  =  1-25  inch,  and  r  =  50  feet, 
6  =  6*46  feet  nearly. 

The  question  might  be  asked  :  what  would  be  the 
sharpest  curve  that  a  6-feet  wheel  base  would  take 
without  danger  of  the  car  leaving  the  metals  or  rails, 
the  width  of  the  groove  being  1^  inches  ? 

In  this  case  the  radius  of  the  curve  is  given  in 
feet  by 


3^^ 

2t 

3  X 

36 

2x1- 

■125 

r= 

48  feet 

The  above  example  shows  the  practical  relation 
(and  limits)  between  the  wheel  base  of  the  truck  of 
the  car  and  the  radius  of  curvature  of  the  track.  As 
regards  the  gradient  of  a  track,  this  should  not  be 
greater  than  1  in  10,  and  the  practical  limit  seems  to 
be  about  1  in  8. 

For  a  heavy  car  to  go  up  a  gradient  so  great  as  1  in 
10  demands  an  enormous  quantity  of  power,  consuming 
a  large  amount  of  current,  and  if  the  gradient  is  long 
as  well  as  steep,  the  armatures  of  the  motors  are  greatly 
heated  owing  to  the  large  amount  of  current  needed. 
Going  down  a  steep  grade  is  a  great  source  of 
danger,  since  a  car  may  get  out  of  control  owing  to 
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some  faulty  piece  of  apparatus  in  connection  with  the 
braking  mechanism. 

Long  and  steep  gradients,  in  addition  to  being  very- 
wasteful  as  regards  the  power  factor,  tend  to  keep 
the  cost  of  maintenance  of  the  rolling  stock  high, 
because  on  going  uphill  an  undue  strain  is  thrown  upon 
the  motors  and  moving  mechanism  ;  and  on  coming 
down  the  hill  there  is  a  considerable  jolting  and 
vibration  of  the  rolling  stock  in  general,  owing  to  the 
braking  action  requisite  to  keep  the  car  under  control. 


Tongue  Swifth 


Fig.  13.— Plain  Y. 

For  the  above  reasons  it  is  highly  important  that  the 
gradients  should  be  kept  as  low  and  short  as  possible. 

In  Fig.  9  is  shown  a  Standard  Turnout  for  girder 
rails,  giving  the  various  radii,  angles  of  frogs,  and 
showing  the  tongue-switch  and  mate. 

Fig.  10  shows  another  turnout  with  different  radii 
and  angles  of  the  frogs. 

Fig.  11  is  one  with  different  dimensions. 

Figs.  9,  10  and  11  are  Side  Turnouts. 

Fig.  12  illustrates  a  Diamond  Turnout. 

Fig.  13  illustrates  a  Plain  Y. 
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Fig.  14  illustrates  a  Through  Y. 
Fig.  15   illustrates    a    Three-part  Y,  also    called    a 
Connected  Y. 


^5.1/    W  JonjueSw'itch 


Fig.  14. — Theiu-gh  Y- 


Fig.  15. — Three-part  Y,  also  called  a  Connected  Y. 


Fig.  16  illustrates  a  Through -connected  Y. 
Fig.  17  illustrates  a  Connecting  curve  with  Crossing. 
Fig.  1 8  illustrates  a  Double-track  Plain  Curve. 
Fig.  19  illustrates  a  Double-track  Eight-hand  Branch- 
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Fig.  20  illustrates  Car  House  Curves  leading  from  a 
Gauntlet  Track  ;  used  where  space  is  limited. 

The  length  of  the  turnouts  (used  with  single  track), 


FiQ.  16. — Through-connected  Y. 


^. 


Fig.  17. — Connecting  Curve  with  Crossing. 


and  distance  apart,  depend  somewhat  upon  the  density 
of  the  traffic,  or,  in  other  words,  whether  it  is  a  large  town 
or  small  country  traction  system.    In  towns  the  turnouts 
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are  generally  from  200  to  300  feet  long  on  the  straight 
length  (see  Fig.  4)  and  in  country  places  about  200  feet. 
The  reason  they  are  so  long  is  to  allow  two  or  more 
cars  to  be  sided  at  the  same  time. 

The  type  of  track  rail  generally  used  in  towns  is 
the  "  Steel  Girder  "  type,  and  its  weight  depends  upon 
local  conditions  ;  the  weight  of  the  rail  is  determined  by 
the  heaviness  of  the  traffic  (not  the  electric  car  traffic, 


Fig.  18. — Doublb-track  Plain  Cubte. 


but  the  ordinary  street  traffic)  which  passes  over  it.  In 
large  cities  and  towns,  and  especially  in  manufacturing 
centres,  which  have  heavy  street  traffic,  the  rails  have  to 
be  strong  and  heavy  to  withstand  it,  and  the  weight  of 
the  rail  varies  from  about  100  lb.  to  108  lb.  per  yard. 

In  seaside  towns  and  pleasure  resorts  (not  manu- 
facturing districts),  the  street  traffic  is  much  lighter, 
and  the  rails  can  be  used  of  less  weight,  generally  about 
85  lb.  to  90  lb.  per  yard. 
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As  regards  joint-spacing,  where  the  rails  are  laid 
with  the  tread  flush  with  the  surface  of  the  roadway, 
and  the  excavation  is  filled  in    immediately  after  the 


Fig.  19. — Double-track  Right-hand  Branch-off. 

laying  of  the  rails,  the  spaces  between  abutting  rails 
may  be  omitted.  Such  work,  however,  requires  the 
exercise  of  great  care,  judgment  and  experience. 


Rails  Partially  Exposed. 


80°  Fahr.    . 
50°  to  80°  Fahr. 
30°  to  50°      „ 
Below  30°      „ 


Rails  Wiolly  Exposed. 


80°  Fahr.    . 
60°  to  80°  Fahr. 
40°  to  60°      „ 
30°  to  40°      „ 
Below  30°      „ 


No  space. 
^  inch. 
^  inch. 
-^  to  ]-  inch. 


^  inch. 
\  inch. 
T^  to  ^  inch. 
\  inch. 
fV  inch. 
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The  tables  on  page  14  refer  to  the  spaces  which 
must  be  allowed  for  between  abutting  rails  at  the 
corresponding  temperatures  when  the  rails  are  laid. 
The  spaces  are  left  so  as  to  allow  for  expansion  and 
contraction  with  increase  and  decrease  of  temperature, 
to  which  the  exposed  and  partially  exposed  rails  are 
liable  to  be  subjected. 

On  straight  lengths  of  the  track  the  rails  are  laid 
level,  but  on  going  around  curves  the  outside  rail  ought 
to  be  elevated  above  the  rail  on  the  inside  of  the  curve. 
The  amount  of  elevation  depends  upon  the  speed  in 
miles  per  hour  at  which  the  cars  go  round  the  curve, 
and  also  upon  the  radius  of  the  curve. 

Let         E  =  the  elevation  in  inches 

V  =  velocity  in  feet  per  second 
R  =  radius  in  feet. 


Then 


E  =  1-7546:^. 


It  will  be  seen  that  the  elevation  increases  directly 
as  the  square  of  the  velocity  and  inversely  as  the 
radius. 

Elevation  in  inches  =  constant  -r-  radius  of  curve 
in  feet. 

The  constants  on  page  17  are  obtained  by  reducing 
the  miles  per  hour  into  feet  per  second,  squaring 
this  velocity  and  multiplying  by  1*7546  ;  any  of  the 
above  constants  divided  by  the  radius  in  feet,  will 
give  the  amount  in  inches  which  the  outside  rail  has 
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to  be  elevated  at  tlie  speed  corresponding  to  the  con- 
stant used. 


S/pe&d  in 
Miles  per  Hour. 

Constant. 

3        33 -969 

4 

60-389 

5 

94-353 

6 

135-876 

7 

184-917 

8 

241-557 

9 

305-721 

10 

377-412 

12 

543-505 

15 

849-18 

18 

1222-88 

20 

1509-65 

25 

2358-82 

30 

3396-90 

35 

4622-92 

40 

6039-25 

In  the  design  and  laying  out  of  the  permanent  way, 
the  great  object  is  to  keep  the  radii  of  the  curves  as 
large  as  possible  and  the  gradients  as  low  as  possible. 
This  fulfils  a  condition  which  (if  the  track  is  properly 
constructed)  gives  safety,  and  the  maintenance  cost  of 
the  rolling  stock  and  permanent  way  is  kept  low.  A 
well  laid  out  and  substantially  constructed  permanent 
way  increases  the  life  of  the  cars  and  also  of  the  track 
itself. 

All  of  the  diagrams  on  the  laying  out  of  permanent 
way  in  this  book  are  planned  on  a  gauge  of  4  ft.  8^  in., 
with  a  distance  of  4  ft.  4  in.  between  pairs  of  rails, 
where  a  double  track  is  used. 

In  the  laying  out  of  a  double  track  permanent  way 

C 
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system,  it  becomes  essential  to 
construct  crossovers  at  intervals 
of  the  route.  This  is  advisable 
so  that  cars  can  cross  over  from 
one  track  to  another  in  case  of 
necessity. 

Fig.  21  illustrates  a  Standard 
Long  Crossover  with  13°  41' 
frogs. 

Fig.  22  illustrates  a  Standard 
Short  Crossover,  with  1 7°  frogs. 

Fig.  23  illustrates  a  Standard 
15°  Crossover,  with  15°  frogs. 

All  of  the  necessary  dimen- 
sions are  given  in  the  above 
figures.  It  is  not  advisable  for 
practical  reasons  to  construct 
the  "  Turnout  Curves "  of  a 
less  radius  than  100  feet,  or 
"  Standard  Crossovers "  of  a 
less  radius  than  lb  feet.  The 
importance  of  keeping  the 
radii  of  curves  large,  may  be 
gathered  from  the  fact  that  when 
a  car  is  going  round  a  curve  of 
50  feet  radius,  the  resistance 
to  traction  is  doubled  and  even 
trebled,  if  there  be  sand  on  the 
rails. 

On  tramways  in  towns  it 
is  not  convenient  generally  to 
C  2 
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raise  the  outer  rail  in  a  curve  to  a  higher  level  than 
the  inner  one.  There  is  no  safeguard  against  effects 
of  the  force  tending  to  keep  the  moving  mass  in  a 
straight  line.  It  is,  therefore,  all  the  more  desirable 
to  provide  flexible  wheel  bases,  in  order  to  prevent 
the  wheel  flanges  from  riding  over  the  inner  edge  of 
the  rail,  and  thus  leaving  the  track. 
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CHAPTER   II. 

ROAD    BED    FOUNDATION,    ETC. 

Before  the  rails  are  laid,  the  road  or  track  bed  has  to 
be  prepared ;  it  is  highly  important  that  a  good  sub- 
stantial foundation  road  bed  be  prepared  ;  we  can  never 
expect  to  have  a  good  reliable  permanent  way,  unless 
the  road  bed  construction  and  foundation  are  of  the  best, 
A  cheap  road  bed  is  the  most  expensive  in  the  end, 
because  before  many  years  have  gone  by,  the  extra  cost 
of  maintenance  of  the  permanent  way  (due  to  a  defec- 
tive and  weak  foundation)  will  very  soon  eat  up  the 
extra  money  saved  initially  in  preparing  a  cheap  road 
bed  ;  a  flimsy  foundation  will  never  be  satisfactory , 
will  always  be  under  repair,  and  will  absorb  too  large  a 
percentage  of  the  road  earnings  to  keep  it  maintained 
in  anything  like  a  satisfactory  and  safe  condition  ;  too 
great  stress  cannot  be  laid  upon  this  important  and 
vital  point. 

It  may  be  taken  as  an  established  truism  that, 
no  matter  how  well  the  rails  themselves  are  laid, 
how  accurately  they  are  gauged,  or  how  substantial 
they  are  made  at  the  joints  by  sole-plates  and  anchor- 
ing beams,  they  will  in  time  (on  a  poor  foundation) 
get  out  of  gauge,  and  slightly  tilt,  joints  will  vibrate 
loose  and  will  become  undulated,  i.e.  the  rails  will  not 
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remain  flat  owinsj  to  the  sinkins;  and  lateral    bulging 
of  the  foundation. 

In  the  United  States  it  has  been  a  generally  adopted 
method  of  permanent  way  construc- 
tion, to  lay  the  rails  or  metals  on 
wooden  sleepers  or  ties  (see  Figs. 
24  and  25).  The  rails  are  spiked  to 
the  wooden  ties  or  sleepers  on  each 
side  of  the  rail  flange ;  the  sleepers 
are  made  of  oak,  redwood,  cypress, 
cedar  and  some  soft  woods. 

The  inherent  weakness  of  the 
sleepers  or  ties  is  the  fact  that  in 
streets  they  become  more  or  less 
soft  with  moisture,  also  the  rails  cut 
into  the  ties  (unless  otherwise  pre- 
vented) ;  the  spikes  become  loose 
and  the  rails  cant,  the  true  gauge 
is  not  preserved,  and  the  rails  un- 
dulate ;  rails  have  been  known  to 
cut  into  the  wooden  ties  from  1^  to 
2  inches.  Wooden  sleeper  or  tie- 
construction  has  a  tendency  to  cause 
buckling  or  curling  up  of  the  flanges 
of  the  rail,  also  a  rolling  or  canting 
and  spreading  of  the  rails,  especially 
on  curves. 

To  prevent  rails  from  cutting 
into  the  ties,  a  tie  plate  is  generally  used  (see  Figs.  26 
and  27).  A  tie  plate  is  a  flat  plate  of  steel  with  flanges 
on  one  side ;  it  is  attached  on   the  upper  side  of  the 
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wooden  sleepers  or  ties  in  order  that  the  rail  may  rest 
thereon.  The  advantages  of  using  tie  plates  on  the 
sleepers  or  ties  are  that  they  prevent  the  cutting  in  of 


Fig.  26. 


the  rail  into  the  sleeper,  and  their  perfect  under-support 
holds  the  rails  in  a  perpendicular  position  and  prevents 
any  rolling  or  canting  of  the  rails ;  undulations  (due  to 
cutting  in)  are  also  prevented  and  the  true  gauge  is  pre- 


Tit  Pidte 


Fig.  27. 


served.     After  the  rails  are  spiked  to  gauge  on  the  ties, 
the  road  is  finished  oflf  flush  with  the  tread  of  the  rails. 
In  England  the   rail  bed  or  foundation  is  generally 
of  concrete.     The  first  preparation  consists  in  opening 
up  the  road  to  the  desired  depth  ;   if  this  is  a  macadam 
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roadway  it  is  done  by  a  gang  of  men,  one  section  of 
which  opens  up  the  hard  top  surface  by  means  of  large 
drift  spikes  driven  in  by  sledge  hammers,  another  sec- 
tion using  the  pickaxe  ;  the  substance  is  removed  to  the 
side  of  the  road  or  out  of  the  way  in  wheelbarrows  by 
a  third  section  of  the  gang  ;  while  a  fourth  section  is 
preparing  the  troughs  or  trenches,  and  still  another 
section  is  mixing  up  the  concrete. 

The  troughs  or  trenches  (this  method  of  rail  founda- 
tion or  bed  is  the  general  way  of  town  and  city  con- 
struction) are  opened  up  to  a  depth  of  from  6  to  12 


Tie  Bdr 


Fig.  28. 


inches,  and  about  1 8  inches  wide.  The  depth  and  width, 
however,  depend  a  great  deal  upon  the  nature  of  the 
ground  (see  Fig.  28).  The  trenches  are  then  filled  up 
with  concrete  to  the  required  depth,  which  is  patted 
down  and  smoothed  over.  A  good  concrete  is  com- 
posed of  5  parts  broken  stone,  2  parts  sand  and  1  part 
Portland  cement. 

The  concrete  should  be  allowed  to  become  well  set 
before  the  rails  are  placed  in  position,  but  in  large 
towns,  where  the  roadway  has  to  be  opened  and  closed 
as  quickly  as  possible,  the  rails  are  fixed  as  soon 
as  the  concrete  is  smoothed  and  ready — in  fact  the 
operation  of  digging  the  trenches,  filling  with  concrete 
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and  placing  the  rails  in  position,  follow  each  other  as 
rapidly  as  possible. 

It  will  be  noticed  that  in  the  above  method  of  pre- 
paring the  foundation  the  road  bed  is  only  concreted 
in  a  strip  about  18  inches  wide  under  each  rail.  This 
method  of  foundation  preparation  becomes  imperative 
in  large  and  busy  cities,  because  it  is  a  speedy  and 
quick  method,  besides  being  also  a  comparatively  cheap 
one. 

The  above  method,  however,  is  rather  a  cheap 
makeshift  method  of  preparing   the   track  foundation. 


Fig.  29. 

The  substantial  and  satisfactory  method  of  thoroughly 
preparing  a  track  bed,  is  to  concrete  it  all  the  way 
across  (see  Fig.  29)  to  a  depth  of  from  6  to  12  inches 
and  about  6  feet  wide,  that  is,  to  make  a  solid  concrete 
road  bed  for  the  track  of  the  above  dimensions  ;  so  com- 
paring this  method  with  the  previous  one,  instead  of 
having  2  trenches  about  6  to  12  inches  deep  by  18  inches 
wide  (one  under  each  rail),  we  have  one  large  trench 
under  the  track  about  12  inches  deep  and  6  feet  wide, 
filled  with  concrete. 

This  is  the  only  proper  method  of  foundation  con- 
struction, and  has  been  adopted  by  a  number  of  good 
corporations.      Of   course    it    is  a  more  costly  method, 
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since  more  ground  has  to  be  opened  out,  it  takes  a 
longer  time,  and  more  cubic  feet  of  concrete  have  to  be 
used  for  equal  lengths  of  tramways ;  but  although  it 
is  more  costly  at  first  it  is  much  the  cheaper  in  the  end, 
because,  when  once  the  pavement  has  been  set  over  a 
solid  concrete  foundation  its  permanent  level  position 
is  assured,  whereas  in  the  previous  case  the  foundation 
between  the  rails  is  not  as  solid  as  the  concrete  founda- 
tion under  the  rails,  and  the  result  is,  that  with  time  the 
foundation  sinks  and  undulates,  and  the  pavement  above 
it  also  sinks,  owing  to  the  effects  of  rain  and  heavy  traffic 
over  the  streets  ;  the  result  of  this  is  that  the  pavement 
has  from  time  to  time  to  be  reset.  This  involves  a  con- 
tinual expenditure  of  money,  which  as  years  roll  by 
totals  up  to  a  large  amount. 

In  foundation  construction  it  must  always  be  re- 
membered that  a  sound  and  solid  foundation  generally 
means  a  very  small  annual  maintenance  cost,  whereas 
a  cheap  makeshift  foundation  will  entail  a  heavy 
annual  maintenance  expenditure,  with  the  additional 
disadvantage  that  it  is  never  a  permanent  and  satis- 
factory job  ;  the  secret  of  good  permanent  way  con- 
sti'uction  and  satisfactory  safe  and  smooth  running  is, 
first  and  foremost,  the  best  foundation  possible  :  there 
will  be  very  little  trouble  with  the  rails  and  road  if  this 
foresighted  method  is  adopted  ;  the  rails  remain  fiat, 
they  do  not  become  undulated,  they  keep  true  to  gauge 
and  give  very  little  trouble  indeed — in  fact,  in  nearly 
every  case  the  everlasting  trouble  with  the  permanent 
way  and  paving  is  due  to  one  chief  cause,  and  that  is  a 
defective  foundation  l)ed. 
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There  cannot  be  too  strongly  impressed  upon  con- 
structional and  designing  engineers  and  others,  the  im- 
portance of  the  best  foundation  possible  :  a  cheap  flimsy 
foundation  is  fatal  to  the  best  interests  of  all  concerned. 
In  fact,  with  wood  block  pavement  this  is  the  only 
foundation  construction  admissible.  Wherever  possible 
the  concrete  foundation  should  be  allowed  to  become  well 
set  before  the  track  is  laid.  This  is  a  very  important 
consideration,  which  is  very  often  overlooked. 

When  the  rails  are  laid  upon  wooden  sleepers  or  ties, 
the  ties  should  be  wholly  embedded  in  concrete  ;  the 
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Fig.  30, 


wooden  tie  construction,  however,  is  not  used  in  this 
country  in  town  and  city  construction  (see  Fig.  30). 

In  concluding  this  chapter  on  foundation  construc- 
tion I  take  the  liljerty  of  quoting  the  remarks  of  a  well- 
known  authority  on  road  construction,  who  says  :  The 
importance  of  a  properly  constructed  and  rigid  founda- 
tion for  all  weight-carrying  streets  cannot  be  overstated. 
It  is  the  foundation  which  carries  the  weight ;  the 
material  with  which  the  street  is  paved  is  merely  the 
skin  or  veneer  to  preserve  the  "  real "  roadway,  i.e.  the 
foundation  underneath. 
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CHAPTER    III. 

LAYING    THE   RAILS,    PLATE    LAYING,    BONDING,    ETC. 

The  next  step  in  order  after  preparing  the  road  bed 
and  track  foundation  is  to  lay  the  rails  or  track.  The 
rails  are  supplied  in  lengths  of  from  30  feet  to  60  feet 
long,  and  vary  in  weight  from  about  85  lb.  to  110  lb. 
per  yard.  The  weight  adopted  depends  upon  local 
conditions  as  regards  heaviness  of  street  traffic. 

When  the  rails  are  delivered  along  the  roadway,  a 
man  is  generally  set  to  work  to  drill  the  holes  required 
for  the  rail  bonds,  the  position  of  the  holes  being  marked 
out  for  the  driller ;  the  fish-plate  holes  are  generally 
already  in  the  rails  when  delivered,  but  the  bond  holes 
as  a  rule  have  to  be  drilled  after  delivery  ;  when  all  is 
ready  for  the  laying  of  the  rails  in  their  final  position 
they  have  to  be  moved  or  carried  by  some  convenient 
means  ;  the  best  and  simplest  method  is  to  utilise  the 
"  portable  rail  carriage,"  as  shown  in  Fig.  31. 

This  consists  of  2  two- wheeled  carriers,  with  a 
strong  hook,  chain  and  claw  grips  or  clamps,  which 
form  part  of  a  strong  frame  supported  on  the  axle  of 
the  wheels  ;  by  raising  the  handle  of  the  carriage  the 
hook  and  chain  drop  down  low  enough  for  the  claws  or 
grips  to  be  applied  to  the  rail  tread  or  flanges,  and  on 
lowering    the    handle  the   carrying  framework  rotates 
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about  the  axle  of  the  carriage  as  a  fulcrum,  and  raises 
the  rail  aV)out  9  inches  off  the  ground  ;  the  rail  can  then 
readily  and  quickly  be  moved  from  place  to  place ;  to 
drop  the  rail  it  only  requires  the  handle  to  be  raised, 
when  the  rail  is  lowered  and  the  chain  and  grip  are  taken 
off.  The  rail  is  then  rolled  over  into  position  on  the 
concrete  foundation  by  means  of  the  application  of  crow- 
bars, and  is  jointed  to  the  next  rail  by  means  of 
fish-plates,  and  in  the  majority  of  cases  by  the  addi- 
tion of  sole-plates  (placed  under  the  flanges  of  the  rail), 


Fig.  31. 


and  sometimes  anchor  sole-plates  of  I  beams  or  girder 
rails. 

This  combination  of  fishplating  and  anchor  sole- 
plates  is  for  the  purpose  of  overcoming  the  difficulty  of 
the  joints  becoming  loose  with  continual  vibration  due 
to  the  traffic  over  them  (see  Figs.  32  and  33).  These 
two  methods  were  adopted,  one  at  Brighton  (Fig.  32), 
and  one  at  Lancaster  (Fig.  33) ;  and  are  examples  of 
about  the  best  way  of  securely  jointing  the  rails  ;  these 
methods  of  construction  are  to  be  highly  commended. 

The  method  adopted  at  Brighton  was  to  connect  the 
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rails  together  by  bolting  strong  fisli-plates  (Fig.  36), 
weighing  about  46  11).  per  pair,  with  20-inch  steel 
sole-plates  under  the  rail  joint,  resting  on  and  bolted 
to  a  6 -inch  steel  girder  sleeper  running  transversely 
to  the  rails.  The  method  adopted  for  laying  the 
permanent  way  will  be  described  in  another  chapter 
later  on. 

At  Lancaster  (Figs.  33  and  34)  the  rail  joints  are 
supported  by  anchor  sole-plates,  of  60  11).   weight  and 
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Fig.  32. 


24  inches  long,  inverted  and  riveted  to  the  bottom  of 
the  running  rail. 

After  the  rails  are  bolted  together  they  are  set  true 
to  gauge  and  kept  to  gauge  by  means  of  tie-bars  (see 
Fig.  35),  placed  in  position  about  every  10  feet  apart 
(closer  together  around  curves) ;  the  tie-bars  as  seen 
from  the  figure  are  held  securely  in  position  l)y  being 
screwed  up  tight  by  nuts  on  each  side  of  the  rail  web. 
The  cross-ties  or  tie-bars  are  of  steel,  and  about  2  inches 
deep  and  f  inch  wide. 

After  the  rails  are  tied  they  arc  set  level  and  fiat 
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by  means  of  the  level  board  and  spirit  level  from  rail 
to  rail ;  to  see  if  the  rail  is  flat  lengthwise  it  is  generally 
sighted,  by  looking  along  the  tread  of  the  rail  with  the 
eye  level  with  the  surface.  If  there  are  any  sags  or 
undulations  in  the  rail  it  is  raised  by  crow-bars  and 
packed  and  rammed  under  with  concrete.  If  there  are 
any  kinks  in  the  rails  (which  throw  the  gauge  out  of 
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Fig.  33. 


truth),  they  are  straightened  by  means  of  the  hydraulic 
or  screw-jack  (called  a  "jim  crow").  While  the  rails 
are  being  joined  by  the  fish-plates  they  are  bonded, 
generally  l^y  means  of  "  copper  rail  bonds."  It  is  very 
important  that  the  rails  should  be  thoroughly  and  solidly 
bonded. 

The  great  importance  of  efficient  "  rail  bonding  "  is 
very  often  under-estimated  ;  in  fact  it  is  one  of  the  most 


ELECTRIC   TRAMWAYS.  33 

important  operations  in  permanent  way  construction. 
The  object  of  bonding  the  rails  is  the  following.  The 
return  electric  current,  after  passing  from  the  trolley 
wire  and  through  the  controller  and  motors,  is  con- 
ducted back  to  the  power  house  by  means  of  the  rails 
themselves,  or,  in  other  words,  the  rails  form  the  return 
circuit  for  the  electric  current ;  this  necessitates  that 
the  rails  should  be  continuous  electrically.  Now  at  each 
joiijt  in  the  rails  the  electrical  continuity  is  broken,  and 
it  becomes  necessary  to  bridge  over  the  joint  by  a  con- 
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Fig.  34. 

ducting  path  of  very  low  resistance  (we  must  keep  the 
resistance  to  the  lowest  possible  limit,  otherwise  we  get 
an  excessive  fall  of  voltage  and  leakage  of  current  to 
earth,  which  maximum  amount  is  fixed  by  Board  of 
Trade  regulations) ;  this  object  is  attained  by  a  thorough 
and  secure  method  of  bonding. 

Before  the  lug  of  the  bond  is  inserted  into  the  drilled 
hole,  the  hole  itself  should  be  freed  from  all  grease,  rust 
and  dirt,  by  being  cleaned  with  a  rag  or  waste  and 
emery  cloth,  so  as  to  present  a  perfectly  clean  metallic 
surface.  The  reason  for  this  is  that  dirt  and  oil  prevent 
a   good   metallic   contact    and    increase    the    electrical 
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resistance  of  the  surface  of  contact  between  the  copper 
lug  and  the  web  of  the  rail.  After  the  hole  is  thus 
prepared,  the  lug  of  the  bond  is  inserted  and  is  securely 
expanded  against  the  metal  of  the  web  generally  by 
means    of   a    drift  or    tapered  expansion  stud  or  pin 


Fig.  35. 


driven  tightly   in.      A  flexible  rail  bond  invented  by 
the  writer  of  this  book  is  shown  in  Fig.  37. 

The  advantages  claimed  for  flexible  rail  bonds  over 
the  solid  type  of  rail  bond,  are  that  they  are  not  so 
likely  to  vibrate  loose  ;  and  they  more  readily  conform 
and  bend  around  and  lay  nearer  to  the  fish-plates  and 


Fig.  36. 


web  of  the  rail.  There  are  several  good  types  of  rail 
bond,  viz.  the  Columbia,  Chicago,  Neptune,  and  Bowker 
rail  bonds. 

In  rail  bonding  there  is  generally  a  short  flexible  or 
plastic  rail  bond  placed  across  the  joint,  and  connecting 
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the  rails  before  the  fish-plates  are  placed  in  position  and 
bolted  up,  and  after  the  fishplating  is  done  there  are 
fixed  two  copper  bonds  across  each  rail  joint  on  the  out- 
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side  of  the  fish-plates  ;  this  is  called  "  double  bonding  " 
the  rail  joint.  In  addition  to  being  double  bonded 
across  each  rail  joint  they  are  "  cross  bonded "  about 
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every  40  to  80  yards,  but  should  be  "cross  bonded" 
across  each  pair  of  the  rails,  in  the  middle  of  the  length 
by  a  single  bond.  In  the  case  of  a  double  track  they 
are  sometimes,  and  should  be  in  all  cases,  cross  bonded 
from  one  pair  of  rails  to  the  other  pair  of  rails,  at  a 
distance  apart  of  about  every  50  yards. 

The  copper  rail  bonds  are  made  of  hard  drawn 
copper,  and  have  a  carrying  capacity  (current)  equal  to 
from  00  to  0000  S.W.G.  After  the  rails  are  bonded, 
the  copper  bonds  are  painted  all  over  as  a  protective 
coating.  There  are  other  methods  of  bonding  rails  in 
addition  to  copper  bonding,  viz.  (2)  plastic  bonds  con- 
necting the  web  of  each  rail  to  the  fish-plate  by  means 
of  a  metallic  amalgam  ;  (3)  electrically  welding  the  rails 
at  the  joints  ;  and  (4)  cast  welding  the  rails  at  the 
joints. 

The  objects  attained  by  providing  a  good  return, 
which  to  a  great  extent,  depends  upon  good  and  efficient 
bonding,  may  be  stated  to  be  : — (1)  economy  in  line 
losses  and  efficiency  of  the  circuit ;  (2)  preventing  undue 
interference  with  telephone  and  telegraph  lines  due  to 
leakage;  (3)  prevention  of  electrolysis  of  metal  pipes 
laid  in  the  ground  for  the  conveyance  of  gas  and  water. 

After  the  rails  are  well  bonded  and  levelled  by 
packing  and  ramming  under  fine  concrete,  there  is  run 
under  and  around  the  rail  flange  a  skimming  or  veneer- 
ing of  liquid  cement ;  after  which  there  is  plastered  on 
each  side  of  the  rail  web  the  full  length  of  the  rails,  and 
also  around  the  tie-bar,  a  thick  mixture  or  paste  (rail 
filling),  generally  composed  of  sand  and  cement  or  fine 
concrete. 
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CHAPTER   IV. 


COMPLETING   THE   ROADWAY. 


In  the  construction  of  electric  light  railways  through 
country,  the  rails  or  track  are  generally  laid  upon  wooden 
sleepers,  and  either  spiked  to  the  sleepers  or  supported 
true  to  gauge  in  cast-iron  chairs,  similar  to  English  rail- 
road permanent  way  construction.  The  chair-support 
construction  is  the  best  and  most  solid  method. 

In  light  railway  construction  the  road  bed  is  not 
finished  off  the  same  as  paved  streets ;  but  to  give  the 
track  sufficient  rigidity  and  keep  it  safe  the  space  be- 
tween the  sleepers  is,  or  should  be,  levelled  up  with 
ballast ;  or  better  still,  the  track  should  be  ballasted 
up  to  the  tread  (see  Fig.  38).  Ballast  is  broken  stone 
or  slag. 

The  wooden  sleepers  used  in  this  country  consist  of 
heavily  creosoted  wood  ;  they  possess  greater  durability 
than  the  untreated  timbers  used  in  America.  Light 
railways  in  the  future  will  play  a  great  part  in  the 
development  of  rural  districts,  in  the  connecting  of 
towns,  and  in  the  carriage  of  goods. 

In  the  completion  of  the  tramways  we  will  confine 
our  attention  to  city  and  town  street  construction. 
Modern  experience  has  shown  that  the  best  foundation 
for  all  paved  roadways  is  undoubtedly  that  composed 
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of  cement    concrete ;    this    is    the  foundation  already 
described. 

In  the  selection  of  paving  material,  the  gradient 
of  a  street  to  some  extent  decides  the  question  of  the 
material  to  be  employed  for  paving.  Mr.  H.  Percy 
Boulnois,  in  his  excellent  book  on  '  Carriageways, 
etc'  says :  "  Asphalt  would  necessarily  be  unsuitable 
for  streets  of  steeper  gradient  than  1  in  60  ;  wood, 
1  in  36  ;  and  stone  setts,  1  in  16.  Again,  it  is  evident 
that  a  pavement  which  would  be   eminently  suitable 

Ballasted  Rodd-Bed 


Rail 


Fig.  38. 


for  a  heavy  commercial  traffic  would  be  quite  out  of 
place  for  that  of  a  health  resort,  or  of  a  quiet  provincial 
town." 

The  width  of  a  street  also  has  some  bearing  on 
the  subject  of  the  selection  of  a  paving  material, 
— as  wood,  for  instance,  is  not  advisable  in  a  narrow 
street,  where,  owing  to  the  height  of  the  buildings  on 
either  side,  the  light  and  air  are  excluded.  In  large 
commercial  cities  like  Manchester  and  Liverpool,  the 
paving  used  would  generally  be  granite  or  syenite 
setts. 

As  regards  wear,  there  is  no  pavement  that  has  yet 
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been  discovered  with  so  loDg  a  life  as  granite  sett 
pavement,  properly  laid  with  judiciously  selected  granite 
or  syenite.  The  advantages  of  such  a  pavement  may 
be  summarised  as  follows  : — ( 1 )  Adaptability  to  most 
gradients ;  (2)  suitability  for  all  classes  of  traffic  ; 
(3)  durability  ;  (4)  fair  foot-hold  ;  (5)  ease  of  traction; 
(6)  minimum  of  dust  and  mud  ;  (7)  facility  of  cleaning  ; 
(8)  less  trouble  in  repairing. 

The  size  and  shape  of  the  setts  depend  upon  certain 
conditions ;  for  stability  a  certain  proportion  must  exist 
between  the  depth,  length,  and  breadth,  and  7  inches 
has  been  fixed  as  a  sufficient  and  proper  depth  for  any 
class  of  traffic.  The  width  is  somewhat  controlled  by 
the  size  of  the  horses'  hoofs  (so  as  to  get  a  good  foot- 
hold) and  about  4  inches  is  now  allowed  to  be  the 
maximum  width.  The  length  of  the  sett  is  governed 
principally  by  the  ease  of  handling  by  the  pavior,  and 
so  laid  that  each  sett  must  break  joint  properly  with 
its  neighbour,  and  must  not  be  too  long,  as  it  is  apt 
to  ride  and  tilt.  Nine  inches  may  be  considered  as 
quite  long  enough. 

The  following  sizes  of  stones  may  be  taken  as  satis- 
factory : — 


Setts 
Cubes 

55 

Blocks 


<o\  in.  X  3|  in.  X  5  in.  to  7  in.  long. 

1\  in.  X  3^  in.  x  5  in.  to  7  in,  long. 

3f  in.  X  3f  in.  X  3f  in. 

4  in.  X  4  in.  x  4  in. 

4  in.  X  4  in.  x  6  in.  deep. 

3i  in.  x  3^  in.  x  6^  in.  deep. 


It   is   of   the   greatest   importance   that   the    setts 
should  be  thoroughly  square  and  not  taper,  and  that  the 
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dressing  should  be  most  carefully  carried  out,  and  there 
ought  not  to  be  a  difference  of  more  than  \  inch  between 
the  broad  and  thin  ends  of  the  setts.  It  is  highly  im- 
portant that  all  setts  should  be  gauged  and  dressed 
uniformly,  and  that  they  should  be  laid  as  closely 
together  as  possible,  because  the  slight  inequalities 
provide  sufficient  joint  for  the  grouting,  and  the  nearer 
the  setts  are  laid  together  the  less  the  noise  of  the 
traffic,  and  the  less  the  liability  of  the  arrises  (edges) 
to  wear. 

It  is  also  important  to  lay  the  setts  on  a  cushion 
bed  of  sand  about  \  inch  in  thickness,  as  this  trans- 
fers the  pressure  to  the  foundation  equally,  and  gives 
some  elasticity  to  the  bed ;  this  prevents  the  stones 
being  crushed,  which  might  otherwise  take  place  if 
they  were  laid  directly  on  the  rigid  concrete  founda- 
tion. The  cushion  bed  must  be  of  fine  sand,  as 
otherwise  there  might  be  a  liability  of  the  setts  to 
ride.  This  bed  is  also  of  great  value  where  the 
setts  are  grouted  with  a  bituminous  mixture,  and  not 
with  cement ;  the  former  is  generally  admitted  as  being 
preferable. 

The  following  is  a  specification  of  paving  for  first- 
class  streets  : — The  paving  shall  consist  of  granite  or 
syenite  setts  3  J  inches  wide  by  6  J  inches  deep  laid  in 
regular,  straight,  and  properly  bonded  courses  with  close 
joints,  and  be  evenly  bedded  on  a  layer  of  fine  gravel 
^  inch  in  thickness  after  the  paving  is  laid ;  the  joints 
shall  be  filled  with  hard,  clean,  dry  shingle ;  the  setts 
shall  then  be  thoroughly  rammed  and  additional  shingle 
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added  until  the  joints  are  perfectly  full.  The  joints 
shall  then  be  carefully  grouted  until  completely  filled 
with  a  hot  composition  consisting  of  coal  pitch  and 
creosote  oil ;  and,  finally,  the  paving  is  to  be  covered 
with  ^  inch  of  sharp  gravel. 

For  second-class  streets  the  paving  shall  consist  of 
granite  or  syenite  setts  3  inches  wide  by  5  inches  deep, 
or  of  granite  or  syenite  4  inch  by  4  inch  cubes  laid, 
bedded,  jointed,  grouted,  etc.  as  above.  Wood  as  a 
paving  material  is  greatly  used  in  London  and  some 
other  towns,  especially  seaside  resorts  ;  several  varieties 
of  wood  are  used,  such  as  pine  of  all  sorts,  oak,  ash, 
beech,  elm,  red  gum  and  the  Australian  Jarrah  and 
Karri  woods.  Whatever  wood  is  selected,  it  should  be 
thoroughly  sound,  and  free  from  all  traces  of  sap,  close- 
grained,  and  uniform  in  quality,  free  from  knots  or 
shakes,  and  every  block  should  be  examined  before 
being  used.  It  is  not  necessary  to  have  "  seasoned 
wood,"  as  it  appears  from  experience  that  the  wood  is 
better  for  having  a  little  "  life  "  in  it. 

It  is  claimed  for  the  Australian  woods  that,  though 
considerably  dearer  than  Baltic  or  American  deals, 
their  life  is  longer  under  the  traffic,  and  that  they  re- 
quire no  creosoting,  and  being  close-grained,  they  are 
more  sanitary.  With  reference  to  the  question  of 
creosoting  the  softer  woods,  this  does  not  add  to  the 
life  of  the  block,  but  renders  it  less  absorbent,  and  con- 
sequently more  sanitary.  At  least  10  lb.  of  creosote 
oil  should  be  driven  into  every  cubic  foot  of  wood, 
under    such  a  pressure  as  will  ensure  this,  and  a  few 
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blocks  should  be  cut  in  half  from  time  to  time  to  see 
if  the  creosote  has  thoroughly  penetrated.  Whatever 
wood  is  selected,  and  whether  treated  or  not,  the  blocks 
should  be  cut  die  square  with  the  fibre  vertical,  a  con- 
venient and  much  used  size  being  9  inches  by  6  inches 
by  3  inches  on  the  face.  The  blocks  must  be  laid  with 
the  fibre  of  the  wood  quite  vertical,  because  in  this 
position  the  wear  is  least. 

The  foundation  of  a  wood-paved  street  must  be  of 
concrete.  In  some  cases  a  cushion  bed  of  sand  or  fine 
gravel  is  laid  upon  the  concrete  about  \  inch  in  thickness  ; 
in  London  practice  and  elsewhere  the  blocks  are  laid 
directly  upon  the  surface  of  the  finished  concrete.  In 
the  former  case,  it  is  found  that  the  grouting,  if  of 
bitumen,  sinks  into  the  cushion  bed,  and  prevents  the 
upheaval  of  the  blocks,  which  sometimes  occurs  where 
this  cushion  bed  is  not  provided. 

There  is  also  a  difference  of  opinion  on  the  question 
of  joints  between  the  blocks.  In  some  cases  they  are 
laid  with  an  open  joint  between  them,  about  \  inch  or 
\  inch  wide,  and  this  joint  is  filled  up  with  "  racking," 
composed  of  dry,  clean,  sharp,  or  rounded  gravel  or 
pebbles  about  the  size  of  beans  or  small  nuts,  which  is 
afterwards  filled  in  with  a  bituminous  mixture,  consist- 
ing of  three  of  pitch  to  one  of  creosote  oil,  well  boiled 
together. 

It  is  found  that  wood  is  absorbent  of  moisture,  with 
a  consequent  swelling,  and  it  is  contended  that  "  rack- 
ing "  when  employed  enters  into  the  sides  of  the  blocks, 
and  thus  takes  up  the  extra  space  required  for  this 
swelling  or  expansion,  and  prevents  upheaval  or  the 
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forcing  away  of  the  kerl)s  at  the  sides  of  the  roadways. 
The  expansion  due  to  this  swelling  of  the  wood,  owing 
to  the  absorption  of  moisture,  varies  with  different 
woods  ;  it  is  very  small  with  the  Australian  hardwoods, 
but  considerable  with  the  softer  pine  woods  (unless 
chemically  treated),  amounting  in  some  cases  to  as 
much  as  Ij  inches  in  8  feet. 

In    order   to    prevent   upheaval,    or   movement   of 


Cjrpansion  Join/- 
I'^inidejiliedinnlth 
Pitch  and  Creosote  Oil 


tlardmod  Blocks 


Sand  Cushion  Bed 


Portland  Cement 
Conorete  6" Deep 


Fig.  39. 


the  blocks,  an  expansion  joint  filled  with  clay  is  some- 
times left  about  ij  inches  wide  parallel  and  close  to 
the  kerb  on  each  side  of  the  roadway ;  in  other 
cases,  "  dog-toothing "  is  resorted  to,  so  that  each 
transverse  row  of  blocks  has  an  expansion  joint  of 
about  4j  inches.  Figs.  39  and  40  explain  these 
systems. 

Pitch  grouting  is  preferable  to  cement  grouting  for 
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the  following  reasons.  Pitch  grouting  allows  the  joints 
to  be  reduced  to  y^  inch  wide  ;  thus  soft  wood  blocks  may 
be  in  close  contact  and  so  prevent  the  fibre  spreading, 
and  this  preserves  the  life  of  the  wood — it  is  more 
elastic  than  cement,  and  consequently  absorbs  expansion 
and  gives  way  to  contraction.  It  is  also  impervious, 
and  the  pitch  joint  next  the  wood  helps  to  preserve  it. 
Traffic  may  be  turned  on  directly  the  joint  is  cool,  and 


Lxpanjion  Joint 
in  each  course 
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U'<  ■''^  y  ^  "  Portland  Cement 
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Fig.  40. 


it  is  easier  applied  than  cement  grouting.  The  dis- 
advantages of  an  open  transverse  joint  between  the 
blocks  in  wood  pavement  are  that  they  expose  the 
arrises  of  the  blocks  to  attrition  and  rounding  off  by 
the  traffic,  thus  making  a  bumpy  and  noisy  road,  and 
also  that  mud  sticks  in  the  joints  and  is  difficult  to 
dislodge,  thus  adding  to  the  slipperiness  of  this  de- 
scription of  pavement. 


ELECTRIC   TRAMWAYS.  45 

The  more  modern  practice,  consequently,  is  to  do 
away  with  all  joints  between  the  courses,  and  the 
blocks  are  laid  close  together,  the  sides  and  ends  touch- 
ing, hot  tar  being  laid  over  the  surface  and  brushed 
or  "  squeegeed,"  until  it  disappears  between  the  blocks, 
expansion  being  provided  for  in  the  manner  already 
described. 

In  all  cases  of  wood  pavement  it  is  necessary  to 
cover  the  finished  surface  with  a  half-inch  coating  of 
clean,  sharp  shingle,  gravel,  or  pebbles,  about  the  size 
of  beans  or  small  nuts,  leaving  the  traffic  to  squeeze  it 
into  the  top  surface  of  the  wood,  which  preserves  its 
life  and  renders  it  less  slippery.  Wood  is  unquestion- 
ably an  excellent  pavement  for  streets  of  light  traffic, 
but  it  would  not  stand  the  crushing  weights  of  a  heavy 
mercantile  traffic  such  as  that  in  some  of  the  streets  in 
Manchester  and  Liverpool.  Nor  can  it  be  used  on 
streets  where  the  gradient  is  steeper  than  1  in  27  ; 
for  though  its  slipperiness  may  be  much  minimised 
by  sanding  or  gravelling,  there  are  times  when  the 
peculiar  atmospheric  conditions  of  our  climate  render 
it  very  slippery. 

Wood  pavement  has  one  most  serious  disadvantage — 
it  offends  more  than  any  other  against  public  hygiene. 

Fig.  41  represents  the  track  laid  in  position,  also 
a  section  of  the  street  paved  and  finished  ofi"  with 
either  wood  blocks,  or  granite,  or  syenite  setts.  In 
wood  paving,  it  is  generally  finished  off  "proud"  with 
the  tread  of  the  rail.  In  paving  with  hard  granite 
or  syenite  setts,  the  abutting  setts  are  generally  laid 
"  proud "    of  the    rails,    but    where    the    setts    are    of 
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exceptionally  hard  quality,  they  ought  to  be  laid  or 
finished  off  about  -§-  inch  below  the  tread  of  the  rails, 
because  the  metal  of  the  rails  wears  away  more  quickly 
than  the  granite  or  syenite  setts. 

The  method  of  laying  the  wood  pavement  on  the 
electric  tramway  track  in  Lord  Street,  Southport,  was 
the  following.     A  concrete   foundation  was  prepared ; 


Hardnood  Blocks  or 
Granite  or  Suemte,  Jettj 


Tram  Rail 


Fig.  41. 


the  Australian  wood  blocks  were  then  dipped  to  the 
depth  of  about  2  inches  in  a  bituminous  mixture,  then 
laid  in  position,  after  which  they  were  grouted  to  within 
about  1  inch  of  the  top  with  bitumen,  which  was  finished 
by  having  a  liquid  cement  brushed  or  "  squeegeed  " 
over  the  blocks,  until  it  disappeared  and  filled  up  the 


remaining  inch. 
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When  finishing  off  a  pavement  by  grouting  with 
bitumen,  the  bituminous  mixture  should  not  be  allowed 
to  run  into  or  fill  up  the  grooves  of  the  rail,  otherwise 
it  is  very  hard  to  get  rid  of.  This  is  prevented  by 
pouring  water  in  the  grooves  of  the  rails  and  filling 
the  grooves  with  gravel  and  dirt ;  when  the  track 
requires  to  be  used  this  is  easily  removed  with  a  groove 


Fig.  42. 

iron  (a  piece  of  iron  about  4  feet  long,  1  inch  in  dia- 
meter, and  pointed  at  the  end)  which  is  pushed  along 
the  groove  of  the  rail,  thereby  loosening  the  dirt  and 
gravel,  which  can  then  be  brushed  away,  leaving  the 
track  clean,  smooth  and  free  from  any  sticky,  tarry 
products. 


Fig.  43. 


Figs.  42  and  43  represent  cross-sections  of  the 
track  and  roadway  as  constructed  on  the  trolley 
routes  at  Bournemouth,  the  streets  being  finished  off 
with  "  wood  pavement "  and  macadam  respectively,  as 
illustrated.  In  granite  or  syenite  sett  paving,  it  is  not 
necessary  to  have  any  expansion  joints,  all   the  setts 


48  PRACTICAL    CONSTRUCTION  OF 

being  jointed  or  laid  close  up.  The  ordinary  tools 
used  in  street  paving  are  too  well  known  to  need  any- 
detailed  description  thereof.  Such  tools  are  the  concrete 
smoother,  pavior's  hammer,  rammer,  sett-dresser's  and 
sett-cleaner's  hammer,  cement  mixing  boards,  pitch- 
boiler,  pitch-carrier,  pitch-bucket,  pitch-scoop,  etc. 
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CHAPTER   V. 

CHOICE    OF    MATERIALS    FOR    THE    OVERHEAD    EQUIPMENT. 
THE    LAYING    OUT    OF    CURVES. 

Passing  on  from  the  completion  of  the  permanent 
way,  etc.,  to  the  necessary  equipment  for  carrying  and 
supplying  the  electrical  energy  to  be  utilised  ])y  the 
motors  of  the  electric  cars,  the  general  outline  of 
the  electrical  circuit  is  simply  illustrated  in  Fig.  44. 

In  the  overhead  equipment  or  construction  of  an 
electric  tramway  system,  the  same  remarks  and  advice 
are  applicable  as  were  given  in  regard  to  the  per- 
manent way  construction,  etc.  All  the  materials, 
appliances  and  apparatus  used  in  the  overhead  equip- 
ment should  be  of  the  very  l)est,  constructed  on  a 
scientific  and  thoroughly  practical  basis,  and  laid  per- 
manently and  solidly  in  position. 

The  choice  of  satisfactory  materials  is  very  im- 
portant, and  it  is  advisable  always  to  take  a  thouo'ht- 
ful  and  preliminary  survey  as  regards  the  conditions 
(local,  special  and  otherwise)  which  demand  certain 
important  considerations  in  the  proposed  construction 
and  equipment. 

The  trolley  line  may  be  supported  so  as  to  be  in 
position  over  the  centre  of  the  track  or  at  the  side  of 
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the  track.  Whichever  method  is  adopted  depends 
upon  local  conditions ;  wherever  possible  it  is  advisable 
to  have  the  trolley  line  placed  over  the  middle  of  the 
track,  one  of  several  reasons  being  that  the  trolley- 
wheel  and  arm  are  not  so  liable  to  jump  the  trolley 
wire,  another  beino-   that  there  is  not  so  much  strain 
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Fig.  45. 

on    the    trolley    wire   due    to     the    trolley    wheel   and 
arm. 

On  centre  line  construction  the  force  of  pressure  of 
the  trolley  arm  and  wheel  is  directly  upwards  or  verti- 
cal, which,  while  the  car  is  travelling,  temporarily  takes 
some  of  the  downward  weight  and  strain  of  the  trolley 
wire  off  the  hangers  and  supports,  while  with  side  line 
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construction  there  is  a  lateral  pressure  as  well  as  an 
upward  pressure  due  to  the  trolley  arm  and  wheel 
which  tends  to  increase  the  strain  on  the  supports  and 
hangers  ;  then  again,  the  wear  of  the  trolley  wheel  and 
wire  is  more  even  and  much  less  in  centre  line  con- 
struction than  in  side  line  construction. 

The  method    of   construction  as    regards   the    pole 
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supports  for  the  trolley  line  has  to  be  considered  ;  there 
is  the  centre  pole  construction  and  the  side  pole  with 
span  wire  or  bracket  arm  method ;  this  is  determined 
by  conditions  such  as  width  of  streets  (if  in  a  city), 
whether  it  is  a  light  railway  constructed  through  country 
or  rural  districts,  also  whether  it  is  a  single  track  or 
double  track  ;  generally  speaking,  in  a  good  wide  street 
with  a  double  track  and  plenty  of  roadway  on  each 
side  of  the  track  to  take  the  vehicular  traffic,  centre 
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pole  construction  is  preferable,  more  economical,  has  a 
better  appearance,  is  safer  and  more  compact.  This 
system  does  away  with  unsightly  and  dangerous  span 
wires  which  are  required  to  support  the  trolley  lines 
in  the  span  wire  construction  (see  Fig.  45). 


Fig.  47. 


The  side  pole  method  consists  in  placing  poles  on 
each  side  of  the  street  (in  wide  streets),  running  a 
strong  span  wire  across  the  street  from  pole  to  pole 
and  supporting  the  trolley  wire  thereon  (Fig.  46). 
Another   method   of  side   pole   construction   (which    is 
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specially  applicable  to  narrow  streets  where  the  road- 
way is   on   one    side    of   the  track),  is   to  support  the 
trolley  line  Ijy  means  of  side  arm  l)rackets,  the  poles 
being  placed  on  one  side  of  the  street  only  (Fig.  47). 
In  the  pole  construction  of  light  railways  (which  are 


feeder  Ylire 


Fig.  48 


generally  constructed  of  single  track  with  turnouts  at 
intervals)  side  pole  construction  is  adopted.  The  choice 
of  the  materials  used  for  the  pole  lies  between  wood 
and  iron.  Wood  is  generally  adopted  only  for  tem- 
porary work  ;    although  wood  poles  are  greatly  used  in 
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the  United  States,  especially  in  suburban  towns  and  in 
the  country,  iron  poles  are  more  durable  and  look  better. 
Iron  pole  construction  is  the  best  and  is  the  one 
adopted  in  England  for  town  and  city  equipment.  In 
the  construction  of  light  railways  through  country,  there 
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is  no  reason  why  wood  poles  should  not  be  greatly 
used,  especially  if  the  conditions  are  such  that  wood  is 
cheap  and  iron  costly.  Wood  poles  are  more  easily 
stayed  and  strutted,  and  under  certain  conditions  of 
ground  and  location,  such  staying  and  strutting  become 
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absolutely  necessary.  Good  creosoted  well  planted  wood 
poles  are  practical  for  country  line  construction,  and 
are  very  convenient  for  attaching  wooden  arms  with  in- 
sulators to  carry  the  feeder  cables  to  supply  the  trolley 
line  with  current ;  in  city  and  town  equipment  the 
feeder  cables  are  laid  underground  in  conduits,  pipes, 
ducts,  etc.  Two  good  practical  methods 
A  of  staying  and  strutting  a  wooden  pole 
are  shown  in  Figs.  48  and  49. 

In  Fig.  50  are  shown  two  standard 
shapes  of  wooden  pole  for  tramway 
work.  They  are  from  26  to  30  feet  long, 
and  about  10  to  12  inches  at  the  base, 
and  from  8  to  9  inches  at  the  top.  The 
poles  as  shown  in  the  figure  taper  to- 
wards the  top.  The  metal  poles  are 
usually  built  up  of  three  steel  tubes 
shrunk  together  at  a  welding  heat ;  they 
vary  in  length  from  about  25  to  30  feet. 
The  diameter  at  the  base  is  generally 
from  6  to  9  inches,  tapering  to  the  top, 
the  diameter  of  which  varies  from 
Fig  50  4  to  6  inchcs.     In  Fig.  51  are  illustrated 

types  of  steel  poles. 
Regarding  the  material  of  which  the  overhead  trolley 
wire  is  composed,  the  choice  lies  between  hard  drawn 
copper  and  silicon  bronze  wire  ;  experience  proves  that 
hard  drawn  copper  is  the  best  and  most  practical.  The 
size  used  varies  from  0  to  0000  S.W.G.  depending 
very  much  upon  choice,  although  due  consideration  of 
local  conditions  as  regards  length  of  line,  heaviness  of 
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traffic,  windage,  etc.  should  Ije  taken  into  account  when 
choosing  it.     The  sizes  mostly  used  seem  to  be  from 


r 


Fig.  51. 


00  or  000  8.W.G.  The  wearing  away  of  the  copper 
is  very  slight,  such  wear  taking  place  mostly  at  curves 
and    at    switches.       There    is    of    course    more   wear 
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on  a  side  line  construction  than  on  a  line  placed 
over  the  middle  of  the  track,  for  the  reasons  already 
explained. 

The  cross  or  span  wires  used  in  the  support  of 
the  trolley  line  on  side  pole  construction  from  each 
side  of  the  street,  are  generally  composed  of  galvanized 
iron  wire,  galvanized  steel,  or  galvanized  iron  stranded 
wire ;  the  size  usually  used  is  about  7  No.  1 2  or  7 
No.  14  stranded.  The  great  disadvantage  of  galvanized 
iron  and  steel  span  wires  is  their  liability  of  rusting, 
and  of  the  skin  cracking  and  peeling  off.  The  best 
material  to  use  for  span  wires  is  silicon  bronze  ;  it  does 
not  rust ;  this  wire  is  not  much  used,  however,  on 
account  of  its  cost.  Guard  wires  to  protect  the  trolley 
line  are  generally  made  of  galvanized  iron  or  steel 
about  \  inch  in  diameter. 

The  insulating  and  supporting  auxiliary  apparatus, 
such  as  insulators,  brackets,  pull-offs,  ears,  strain  in- 
sulators, hangers,  frogs,  crossings,  etc.,  should  be  of 
the  very  best,  designed  and  constructed  on  good  sound 
mechanical  principles,  with  a  high  factor  of  safety. 

In  the  laying  out  and  installing  of  the  trolley  wire 
or  line,  it  is  absolutely  necessary  that  they  should 
follow  the  curves  on  the  track  very  accurately.  For 
this  purpose  they  are  supported  at  the  beginning  and 
end  of  the  curve  by  cross-wires,  and  in  the  curve  itself 
by  auxiliary  wires  radiating  from  the  poles  and  fastened 
to  the  trolley  wire  at  various  points.  Fig.  52  shows 
the  method  of  planning  such  a  cross-wire  construction 
for  a  double  track.  We  see  that  the  trolley  wire  follows 
a  polygon,   the    angles    of   which    are   held  by  special 
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curve  insulators  and  pull-offis,  which  will  be  illustrated 
and  desci-il)ed  further  on.  These  insulated  pull-olfs  are 
attached  by  wire  stays  to  a  mast  of  specially  strong 
construction. 

Another    way    of    fixing    a    trolley    wire    curve    is 


Fig.  52. 


shown  in  Fig.  53  ;  this  is  for  a  single  track.  On  straight 
line  work  the  trolley  wire  is  put  over  the  centre  of  the 
track,  and  in  curve  work  on  the  inside  of  the  curve, 
in  order  to  reduce  the  speed  of  the  trolley  wheel,  and 
also  render  the  trolley  wheel  less  liable  to  jump   the 
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trolley   wire.      The  distance  of  the  trolley   wire    from 
the  centre  of  the  track  depends  upon  the  curvature. 

Frogs  or  switches  and  crossings  are  used  where 
two  or  more  trolley  lines  branch  or  cross  each  other 
(illustrated  later  on)  ;  it  is  necessary  to  provide  these 


Fig.  53. 


switches  or  ways  so  as  to  guide  the  trolley  wheel  across 
the  meeting,  dividing  or  crossing  points.  These  frogs, 
etc.,  unless  very  carefully  placed,  will  cause  much 
trouble  by  reason  of  the  trolley  wheels  jumping  oflf  the 
wire.     The  frogs  should  always  be  supported  by  span 
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wires,  and  not  simply  rely  for  support  on  the  trolley 
wire,  because  there  is  more  weight,  strain  and  jolting  at 
the  crossovers  than  there  is  on  the  straight  line. 

If  the  angles  between  the  divero-ine^  tono^ues  of  the 
frogs  be  not  the  same  as  those  of  the  trolley  lines,  the 
tongues  should  be  bent  so  as  to  make  the  same  angle. 
Frogs  are  often  furnished  with  lugs  attached  to  an 
insulating  truss,  which  is  held  by  guy  wires,  and  pre- 
vents the  frogs  tilting.  Frogs  should  not  be  secured 
until  the  trolley  wire  is  in  its  proper  position.     When 


Fig.  54. 


the  height  of  the  trolley  line  above  the  ground  is 
between  18  ft.  6  in.  and  20  feet  the  proper  place  for 
the  frog  can  be  found  in  the  following  manner.  Let 
ABCDF  represent  the  track  in  Fig,  54  ;  then  0  repre- 
sents the  intersection  of  the  right  lines  bisecting  the 
angles  BCD.  The  frog  should  be  placed  directly  over  0. 
This  throws  the  main  and  l)ranch  lines  a  few  inches  out 
of  centre,  and  it  is  the  secret  of  making  the  frog  work 
successfully.  If  the  trolley  runs  off  at  a  switch  or  frog, 
it  should  be  chalked  and  the  car  run  under  it  a  few 
times,  when  the  place  where  it  runs  off  will  be  located. 
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In  the  laying  out  of  poles  the  distance  between 
them  depends  upon  circumstances ;  generally  speaking, 
from  100  to  120  feet  is  the  interval  on  straight  line 
work.  They  should  be  closer  together  on  curves,  and 
if  possible  a  pole  put  at  each  end  of  a  curve,  also  a 
pole  at  the  beginning  and  end  of  the  line  to  which  to 
anchor  the  trolley  line.  The  conductors  for  overhead 
trolley  lines  as  now  widely  and  generally  used  are  of 
circular  cross-section. 
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CHAPTER   YI. 


OVERHEAD    CONSTRUCTION    AND    EQUIPMENT. 


The  first  part  of  overhead  line  construction  and  equip- 
ment  is    the    placing  in  position    and   setting   of  the 
poles ;  this  necessitates  them  being  securely  planted  in 
the  ground  ;  for  this  purpose  a  hole  has  to  be  dug  and 
the  pole  set  in  a  permanent  and    substantial  founda- 
tion.     The  holes    themselves    ought  to    be    dug  to    a 
depth  of  from  6  to  8  feet,  the  variation 
in  depth  depending  upon   the   nature 
of  the   ground  ;  in   ground  of  a  rocky 
formation    6    feet    is    generally    quite 
deep    enough,    while    in    soft  dirt  the 
depth    should    be    8    feet.     After    the 
hole   is    prepared    and    the    earth    ex- 
cavated   to    the    proper    depth,    there 
should  be  placed  at  the  bottom  of  the 
hole  (before  the  pole  is  planted)  as  a 
foundation  foot,  a  disc  of  sheet  steel   about   15  to  18 
inches  in  diameter  and  about  \  inch  thick  (see  Fig.  55) ; 
this  prevents  the  pole  sinking  into  the  ground  (when 
soft)  and  also,  in  the  case  of  hollow  iron  poles,  prevents 
the  earth  travelling    upwards    in    the    interior   of  the 
pole. 


Fig.  55. 
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After  the  foundation  plate  or  foot  is  placed  in 
position,  the  pole  may  l)e  planted  ]jy  rearing  it  off 
the  ground  by  means  of  a  portable  jilj  crane  which  can 
be  moved  from  place  to  place  on  a  truck,  or  it  may 
be  reared,  by  rearing  ladders  ;  the  crane  method  is  the 
safest  and  most  practical. 

If  the  pole  is  of  wood  it  ought  to  be  well  tarred 
or  pitched  on  the  butt  end  before  it  is  planted,  and 
if  of  iron  well  tarred  or  painted.  After  being  planted 
and  set  in  position  with  its  proper  "  rake "  or  slant, 
it  should  then  be  surrounded  with  good  concrete,  tho- 
roughly rammed  in  tight  so  as  to  make  a  solid  and 
substantial  foundation  (see  Fig.  56). 

In  side  pole  construction,  the  poles,  if  of  iron, 
would  require  a  "  rake  "  from  the  street  of  from  4   to 

6  inches,  in  a  height  of  from  20  to  25  feet ;  with 
wooden  poles  the  rake  would  be  about  double,  because 
the  latter  are  more  flexible  and  their  bases  are  more 
apt  to  give  a  little.  The  general  rule  is  for  iron  poles 
a  rake  of  about  -^  inch  to  every  foot  of  length  al)ove 
the  ground,  for  wooden  poles  at  least  twice  as  much. 
Corner  posts  should  have  an  additional  rake  of  from 
2  to  4  inches  ;  poles  at  each  end  of  a  line  should  be 
extra   heavy,  and  planted   in  a  foundation  of  at  least 

7  feet  of  concrete,  and  have  a  rake  of  from  9  to 
12  inches,  and  if  necessary  be  suitably  stayed. 

In  centre  pole  construction  it  is  not  necessary  on 
straight  line  work  to  give  the  poles  any  rake ;  they 
are  planted  vertically.  After  the  poles  are  properly 
planted  and  the  holes  filled  up,  the  foundation  should  be 
allowed  to  become  thoroughly  set ;  after  this  the  poles 
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should  be  armed  or  bracketed  and  the  span  wires  (if  we 
are  considering  side  pole  construction  on  each  side  of  the 
street)  attached  thereto  and  thoroughly  teasioned  and 


Base  Pidte 


Fig.  56. 


stretched.  In  this  case,  7  No.  14  stranded  galvanized 
steel  wires  would  be  used  (see  Fig.  46).  These  trolley 
wire  spans  should  be  tensioned  up  to  between  400  and 
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600  11).  ;  tliey  can  be  tensioned  and  adjusted  by  means 
of  a  turnbuckle ;  on  very  long  stretches  or  spans  it 
sometimes  becomes  necessary  to  give  them  more  tension. 
The  spans  should,  however,  in  every  case  be  as  loose  as 
steadiness  and  appearance  permit,  as  the  greater  the 
tension  the  greater  is  the  liability  of  breakage. 

After  the  trolley  spans  are  stretched  the  guard 
wire  spans  should  be  put  up,  and  the  tension  on  them 
should  be  about  100  to  150  lb.  The  guard  wire  spans 
are  for  the  purpose  of  supporting  the  guard  wires, 
which  are  erected  over  a  trolley  line  to  protect  it  from 
any  broken  teleoraph  or  telephone  wires  or  branches 
of  trees  that  might  possibly  come  into  contact  with  the 
trolley  wire  and  short-circuit  it.  The  guard  wires  are 
placed  above  and  parallel  to  the  trolley  wire  (see  Figs. 
44,  57,  58,  59,  60). 

When  there  is  only  one  trolley  wire  to  protect,  two 
guard  wires  are  placed  above  it,  one  on  each  side,  the 
distances  being  about  18  inches  above,  and  from 
12  to  18  inches  on  each  side.  In  the  case  of  two 
trolley  wires  the  general  practice  is  to  stretch  three 
guard  wires,  one  on  each  side  and  one  over  the  centre 
trolley  wire,  or  midway  between  the  two  trolley  wires. 
The  size  of  wire  recommended  is  No.  6  or  No.  7 
S.W.G.,  or  still  safer  and  more  substantial  a  stranded 
galvanized  steel  wire  of  12  No.  16  strands ;  this 
latter  has  been  adopted  at  Cardiff.  Galvanized  steel 
wires  have  the  inherent  weakness  of  rusting  and 
corroding,  especially  if  erected  in  chemically-laden 
atmospheres. 

In  previous  years  the  guard  wires  were  thoroughly 


ELECTRIC   TRAMWAYS. 


67 


insulated  from  all  earth  connections,  but  recently  the 
general  practice  has  been  to  efficiently  earth  the  guard 
wires  at  regular  intervals.  When  the  guard  wires 
were  insulated  and    any  falling  conductor    electrically 
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connected  the  guard  wire  and  "  live  "  trolley  line  to- 
gether, the  guard  wires  instantly  became  charged  with 
a  current  of  electricity,  which  was  not  only  a  very 
great  source  of  danger  to  passing  human  beings  and 
animals,  but  has  been  known  to   set  fire  to  telephone 
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stations,  wherein  were  either  no  protecting  fuses  or 
inefficient  ones.  When  the  guard  wires  are  earthed,  the 
short  piece  of  contact-making  fallen  wire  is  expected  to 
melt  instantly,  and  the  street  end  thereof  to  fall  harm- 
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lessly  to  the  ground.  The  author  is  of  opinion  that 
silicon  bronze  wire  is  much  superior  for  guard  wires, 
for  the  reason  that  it  is  stronger  for  the  same  size, 
has  greater  conductivity,  does  not  rust,  and  is  non- 
corrosive.  Guard  wires  are  very  apt  to  become  broken 
owing  to  the  fact  that  when  the  trolley  pole  "jumps" 
the  trolley  line,  it  is  likely  to  foul  or  strike  the  guard 
wire  and  break  it.  In  Figs.  57,  58,  59  and  60  are 
some  suggestions  relating  to  the  placing  of  guard  wires 
over  trolley  wires  ;  they  represent  respectively — in 
Fig.  57  two  guard  wires  over  one  trolley  wire ;  in 
Fig.  58  two  guard  wires  over  two  trolley  wires  not 
over  12  inches  apart;  in  Fig.  59  three  guard  wires 
over  two  trolley  wires  not  over  3  feet  apart ;  and  in 
Fig.  GO  two  guard  wires  for  each  trolley  wire  when 
the  latter  are  over  3  feet  apart. 

The  supplying  or  feeding  of  the  current  to  the 
trolley  line  is  not  done  by  connecting  the  power  station 
supply  directly  to  the  trolley  line  itself,  but  the  current 
is  carried  over  the  system  by  means  of  feeders  (insu- 
lated copper  conductors)  which  are  connected  to  the 
trolley  line  at  regular  intervals. 

When  the  line  is  long  it  is  advisable  to  divide  it 
into  sections,  usually  about  every  half  mile,  and  supply 
each  section  with  its  own  current  from  the  feeders, 
which  feeder  circuits  are  connected  to  the  trolley  line 
through  switches,  for  the  purpose  of  entirely  discon- 
necting any  section  of  the  line,  providing  it  becomes 
damaged  or  in  case  of  repairing,  etc.  ;  each  half  mile 
section  of  the  trolley  line  is  entirely  disconnected 
(electrically)  from  the  other  sections  ;  it   is    only  con- 
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tinuous  mechanically,  and  each  section  is  insulated  from 
the  next  half  mile  section  by  means  of  what  are  known 
as  section  insulators  (illustrated  later  on).  To  these 
section  insulators  the  trolley  line  feeders  are  electric- 
ally and  mechanically  connected  so  as  to  feed  their  own 
section. 

The  advantages  of  dividing  the  line  into  sections 
are  obvious.  Supposing  the  line  were  20  miles  long 
and  continuous,  supplied  with  current  at  one  end,  under 
heavy  traction  load  the  waste  of  energy  would  be  ex- 
cessive, which  is  equal  to  the  square  of  the  current 
multiplied  by  the  resistance  (watts  lost  =  C^  X  R),  the 
energy  lost  increasing  as  the  current  squared.  There 
would  also  be  too  great  a  drop  in  voltage,  which  is  equal 
to  the  current  multiplied  by  the  resistance  (volts  =  C  in 
amperes  x  resistance  in  ohms) ;  again,  a  break  in  it 
would  throw  out  of  action  all  the  cars,  except  those 
between  the  point  of  breakage  and  the  power  station, 
whereas  when  the  trolley  wire  consists  of  several 
lengths  insulated  one  from  the  other  by  means  of 
electrical  disconnections  at  section  insulators,  only  the 
section  where  a  break  occurs  is  put  out  of  service,  so 
that  electrically  each  half  mile  section  is  entirely  in- 
dependent. 

The  feeders  which  carry  the  energy  to  supply 
the  trolley  lines,  may  be  run  either  overhead  or  under- 
ground ;  if  installed  underground  they  are  generally 
run  in  conduits  of  some  description,  and  a  branch  feeder 
is  taken  off  through  switches  and  street  boxes,  and  run 
up  the  pole  and  then  connected  into  the  section  of  the 
line.     The  underground   system  is  adopted  mostly  in 
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city  and  town  work,  but  for  light  railway  and  country 
work  it  is  the  more  economical  and  easier  to  carry  the 
insulated  "feeder"  conductors  overhead  on  insulators 
on  the  same  poles  as  the  trolley  lines. 

At  each  half  mile  section  a  branch  conductor  is 
tapped  ojff  the  feeder  and  connected  both  mechanically 
and  electrically  to  the  trolley  wire.  One  great  ad- 
vantage of  tapping  the  feeder  circuit  into  the  trolley 
line  at  regular  intervals,  is  the  fact  (often  overlooked 
and  neglected)  that  the  sectional  area  of  the  copper  in 
the  feeder  may  be  reduced  somewhat  as  we  proceed  sec- 
tion after  section  away  from  the  power  station  supply, 
owing  to  the  fact  that  in  a  well  organised  system  of  traffic 
or  car  load  on  different  sections  of  the  line,  the  cars 
will  be  travelling  to  or  from  the  terminus  at  nearly 
equal  distances  apart.  Under  the  above  conditions 
there  will  not  be  as  much  current  carried  at  the  far  end 
of  the  feeder  conductor  as  there  will  at  the  beginning ; 
or  in  other  words,  the  conductor  current  in  the  feeder 
will  grow  less  and  less  as  we  proceed  from  the  source  of 
power  supply.  For  this  reason  the  cross  section  of  the 
"  feeder "  conductor  can  be  somewhat  reduced,  thus 
saving  some  initial  outlay  as  regards  weight  of  copper. 

After  the  spans  are  put  up,  the  next  thing  is  to 
locate  the  ear  bodies  or  trolley  wire  insulators,  which 
differ  in  shape  according  as  they  are  for  straight  line  or 
curve  work  ;  also  the  frogs  or  switches,  crossings, 
section  insulators,  etc.  (some  types  will  be  illustrated 
later  on).  Then  the  trolley  wire  is  securely  anchored 
at  one  end  of  the  line  and  reeled  out  for  about  750 
to    1000  feet  ;  temporary   slings  of  iron  wire  are  then 
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put  over  the  span  wires,  and  the  trolley  wire  is  raised 
up  on  a  tower  wagon  (see  Fig.  61)  and  hung  in  these 
slings.  Straining  clamps  have  to  be  fixed  to  the 
trolley  wire,  which  should  then  he  pulled  up  tight 
by  four  or  five  men  with  double  block  and  tackle  and 
fixed  to  a  temporary  anchor.  The  permanent  anchor 
is  then  pulled  up  tight  and 
fixed  to  a  pole,  so  as  to  maintain 
the  tension  put  upon  the  trolley 
wire. 

When  a  curve  is  reached  the 
trolley  wire  should  be  pulled  up 
tight  to  this  point  and  anchored, 
then  run  round  the  curve,  allowing 
the  slack  necessary  to  construct 
the  curve.  On  the  curves  the  slings 
must  be  attached  to  the  span  wires 
or  pull-ofi's,  so  that  they  cannot 
slide  along  them.  The  trolley  wire 
should  be  put  a  little  inside  of 
its  final  position,  and  pulled  com- 
paratively tight,  and  then  it  must 
be  anchored  both  ways  at  the  end  of  the  curve.  Double 
anchors  ought  to  be  placed  about  every  500  to  800 
feet  on  straight  line  work  and  also  at  each  end  of  every 
curve.  Figs.  62  and  63  illustrate  a  method  of  setting 
the  anchors  both  for  single  and  double  line  work.  A 
single  anchor  need  only  be  used  at  the  end  of  the 
line. 

One  of  the  most  important  things  in  overhead  con- 
struction is  the  setting  of  the  anchors,  and  if  badly  done 


Fig.  61. 
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this  is  very  lial)le  to  cause  great  trouble.  For  anchor- 
ing, the  same  kind  of  wire  that  is  used  for  the  spans 
can  be  utilised,  and  is   generally   pulled   al)Out  half  as 


Fig.  62. 


tight  as  the  spans.  Insulators  should  be  put  into  each 
anchor  about  18  inches  or  2  feet  from  the  point  where 
it  is  fixed  to  the  anchor  ear. 

After    the    ear  bodies    have   been  located    and   the 


Fig.   63. 


trolley  wire  temporarily  suspended  in  the  slings  or 
riders  fixed  to  the  span  wires,  the  trolley  ware  has 
next  to  be  permanently  attached  to  the  ear  which 
is  to  secure  and  hold  it  :   this  will  generally  be  done  by 
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soldering.     Now  it  is  not  advisable  to  have  any  twist 
or  torsion  in  the  trolley  line,  and,  owing  to   the  fact 
that    it    is  a    difficult   operation    to 
solder  the  wire   into   the    ear  when  I" 

-5 

the  ear  is  in  its  erect  position,  it 
becomes  necessary  to  do  so  when  it  is 
upside  down  ;  if  this  latter  is  done 
the  result  is  that  when  twisted  into 
its  erect  position  it  puts  a  half 
twist  in  the  trolley  line  at  every 
ear  suspension  ;  this  is  very  bad  and 
undesirable  from  a  practical  point  of 
view,  so  the  method  adopted  is  to 
give  the  trolley  wire  a  half  twist 
and  hold  it  in  that  position  by  means 
of  a  heavy  clamp  (see  Fig.  64)  and 
solder  the  ear  on  upside  down. 
When  the  operation  is  completed 
the  clamp  is  taken  oft'  and  the  ear 
comes  into  its  erect  position  with- 
out there  being  any  twist  or  torsion 
in  the  trolley  wire. 

In  the  soldering  of  the  wire  to 
the  ear  it  is  highly  important  that 
the  tension  should  be  taken  oft'  the 
line  at  each  side  of  the  ear,  and  that 
in  the  soldering  the  wire  should  not 
be  softened  too  much  with  the  heat 
applied  ;  if  these  precautions  are 
not  taken,  the  wire  may,  owing  to  the  effect  of  the 
great    tension,   and   the  softening  eft'ect    of    the  heat, 
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become  stretched,  reduced  in  diameter  at  that  position 
and  greatly  weakened,  and  to  this  cause  is    generally- 
due  the  breaking  of  the  wire  at  the  ear. 

Great  care  should  be  taken  not  to  nick 
into  the  trolley  wire  with  pliers,  otherwise 
the  ■'  skin  "  strength  is  destroyed.  After 
the  ear  is  properly  soldered  or  mechani- 
cally connected,  it  is  attached  to  the  hanger 
and  insulator,  and  all  is  in  position  and 
^  complete  ;  all  joints  in  a  trolley  line  should 

'o  be  made  at  a  proper  splicing  ear,  and  never 

in  the  middle  of  a  span.     They  are  always 
a    great    source  of    weakness    and  danger 
if  not   properly    made    and    mechanically 
iS   ^      strong. 

•§^  A  good  method  of  taking  some  of  the 

'o-  strain  from  off  the  splicing  ear  is  shown  in 

Fig.  65.      In  curves  it  is  very  advisable  to 

use  long  ears,  from  2  to  3  feet  long,  which 

bend  evenly  in  conformity  with  the  curves 

throughout   their    whole    length.     Straight 

line  ears  should  not  be  under  1 5  or  1 8  inches 

long.     Section  insulators  should  always  be 

placed  wherever  possible  on  the  straight  and 

flat,  because  they  are  not  designed  to  take 

any  side  or  lateral  strain,  and  also  because 

the   current    must    be    shut    off  at  section 

insulators    to    prevent    "  arcing."     In    the 

span  wire  across  from  pole  to  pole,  there  should  be  a 

turnbuckle  at  each  end,  also  an  insulator  at  each  end 

close  to  the  pole  in  each  case. 
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Where  the  guard  wires  are  earthed  directly  on  to 
the  iron  poles,  it  is  a  good  idea  to  thoroughly  earth  the 
pole  by  connecting  it  by  means  of  a  long  copper  bond 
to  one  of  the  track  rails.  By  this  method  we  get  an 
earth  of  comparatively  low  resistance.  In  every  detail 
of  overhead  equipment  there  should  be  allowed  a  wide 
"  factor "  or  margin  of  safety.  The  trolley  wire  is 
usually  suspended  at  a  height  of  from  18  to  19  feet 
from  the  surface  of  the  rails  or  road.  It  must  not  be 
less  than  1 7  feet ;  the  average  height  generally  is 
about  18  feet  at  the  lowest  point,  which  is  in  the 
middle  of  the  span  ;  for  here  the  dip  is  greatest,  due 
to  the  sag  of  the  wire. 

The  sag  will  depend  upon  the  weight  of  the  wire, 
upon  the  length  between  the  points  of  supports  (which 
is  generally  from  100  to  125  feet),  and  upon  the  tension 
of  the  wire ;  the  dip  and  sag  increase  with  increase  of 
temperature  due  to  the  expansion  of  the  wire.  The 
actual  curve  in  which  the  trolley  wire  hangs  is  a  catenary, 
but  being  very  flat,  the  curve  may,  for  purposes  of 
calculating  dip  and  tension,  be  treated  as  a  parabola. 
We  must  now  consider  the  mechanical  strains  to  which 
an  overhead  line  may  be  subjected,  and  the  laws  which 
govern  them.  When  a  wire  is  suspended  between  two 
poles,  the  tensile  strain  tending  to  break  the  wire  is 
due  partly  to  its  own  weight  and  partly  to  the  pressure 
of  the  wind  on  its  surface  ;  it  is  greater  as  the  span 
or  distance  between  the  poles  is  increased,  and  less 
as  the  sag  or  dip  is  increased.  The  law  which  deter- 
mines the  strain  or  tension  at  the  point  of  support  is 
as  follows  : 
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-"-Ta <^) 

d  =  ^3'^" (2) 

where        T  =  tension  on  the  wire  in  lb. 

L  =  distance  between  supports  in  feet 
tv  =  weight  in  lb,  per  foot  of  wire 
d  =  dip  or  amount  of  sag  in  feet. 

Introducing  three  other  factors : 

I  =  actual  length    of   wire   in  feet    between 

supports 
t  =  temperature 
0  =  change  of  temperature, 


we  have 


^  =  L+I£ (1) 


d^  ^/3L/-3L-      .      .      .      (2) 


Example  1.  L  ^  100  feet.      d  =  100*106  feet. 

/  =  100  +  A^^V  =  100  +  -106 
3  X  100 

=  100-106  feet. 

If  a  change  of  temperature  of  50*^  Fahr.  takes  place, 
this  length  will  alter. 

Let  the  temperature  rise  =50    Fahr. 
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Taking  the  coefficient  of  expansion  at  '00001   per 
degree  Fahr.  : 

/  =  100-1  U  +  ^  X  -ooooif 
=  100-1  U  +  SOjX   -00001} 
=  100-1  X  1-0005 
=  100-156  feet. 


n  =      /3  UOO-156  X  100  -  100'} 


_      /3  X  15-6         /-^-^ 

=  V —  V  5  •  85 

^  8 

=  2-41  feet. 

Original  dip  was  2  feet ;  therefore  there  is  an  increase 
in  dip  of  4-92  inches. 

Example  II. 

Let    L  =  1 00  feet ;         w  =  •  b  Vo.  per  foot  length 

^^  =  50°  Fahr.  c/  =  2  feet. 

Find  T  at  50°  Fahr.,  and  at  10°  Fahr. 

At  50°  Fahr.  T  =  ^ 

8  a 

100'  X   -5        5000 


8x2  16 


=  312-5  lb. 


At  10°  Fahr.  the  dip  would  be  =1-62  feet ; 
8  X  1-62        19-96 
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If  the  wire  is  0000   gauge,   or  0*4  of  an  inch  in 
diameter,  the  cross  sectional  area  =  0*  1256  S({.  inch. 

.  • .     Tension  in  first  case 

312-5 


0-1256 


=  2490  lb.  per  sq.  inch. 


Tension  in  the  second  case 
386 


0-1256 


=  3075  lb.  per  sq.  inch. 


Sag  in  span  of  125  feet  of  1-0  hard-drawn,  copper 
trolley  wire  with  tensions  from  200  to  2000  lb.  : 


Tension 

Sag 

ill  Pounds.                                               in  Inches 

200 ;^>'1'75 

250 

28-2 

:^.00 

2:V7 

:^.50 

20-5 

500 

15-0 

750 

9-5 

1000 

7-4 

1500 

5-0 

2000 

3-8 

A  rough-and-ready  manner  of  tensioning  the  trolley 
wire,  sufficiently  near  generally  for  all  practical  purposes, 
is  to  allow  a  sag  of  10  or  12  inches  in  a  120-foot  span. 
When  the  line  is  completed  the  poles  and  other  line 
material  needing  it  should  be  given  one  or  two  good 
coats  of  paint  to  keep  the  parts  from  rust. 

To  divide  the  trolley  line  into  sections,  a  section 
insulator  is  used.  Fig.  66  representing  one  of  the  forms 
generally   made   use  of.     The  tapping  wires   from   the 
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feeders  (either  overhead  or  underground)  are  attached 
thereto. 


Fig.  66. 


For  the  purpose  of  suspending  the  trolley  wire  from 
bracket  arras,  and  span  or  cross  wires,  several  methods 


Fig.  67. 


are   shown.     Each  attachment  may  be  usually  divided 
into  (l)  the   ear  to  which  the  trolley  wire  is   directly 


Fig.  68. 


attached  ;  (2)  the  hanger  ;  (3)    the  insulating  portion  ; 
and  (4)  the  span  wire  grip. 
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Fio-.  67  represents  a  Straight  Line  Insulator. 

Fio;.  68  is  a  Bracket  Arm  Hanger,  Double  insulation, 


Fig.  69. 


Fig.  69  is  a  Spring  Bridge  Insulator. 

Ficr.  70  a  Double  pull-ofF  generally  used  for  curve 


Fig.  7U. 


line  work.     Fig.   71   is  a   Single  pull-off  used  for  the 
same  purpose. 


Fig.  71. 


Fig.  72  is  a  Straight  Line  Ear. 
Fig.  73  is  an  Anchoring  Ear. 
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Fig.  72. 


Fig.  73. 


Fig.  74. 


Fig.  75. 


Fig.  76. 


Fig.  77. 


Fig.  78. 


Fig.  81. 
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Fig.  74  is  a  Feeder  Ear. 

Fig.  75  is  a  Splicing  Ear. 

Fisf.  76  is  a  "  Bads^er"  Mechanical  Ear. 

Where   one   trolley  line  crosses  another  line  it  is 


Fig.  82. 


necessary  to  provide  switches  or  paths  for  the  trolley 
wheel,  usually  called  frogs. 

Fig.  n  illustrates  a  Eight-hand  Frog. 


Fig.  83. 


Fig.  78  illustrates  a  Left-hand  Frog. 
Fig.  79  illustrates  a  Y  Frog. 
Fig.  80  illustrates  a  Three-way  Frog. 
Figs.  81,  82  and  83  are  Crossings. 


Fig.  84. 


Fig.  85. 


For  insulating  and  straining  the  trolley  wire  and 
span  wdres,  a  variety  of  devices  are  used. 

Fig.  84  is  a  Straining  Clamp  used  in  erecting. 

Fig.  85  is  an  Insulating  Terminal  Clamp  made  of 
bronze  with  insulation. 


ELECTRIC   TRAMWAYS. 


83 


Fig.  86  is  an  Insulated  Turnbuckle  used  for  anchor- 
ing and  straining  to  posts. 


Fig.  86. 


Figs.  87  and  90  are  two  Globe  Insulators  for  anchor- 


ing and  straining. 


Fig.  87. 


Fig.  88. 


Fig.  88  is  the  Brooklyn  Strain  Insulator,  which  also 
serves  as  a  turnbuckle,  each  one  giving  an  adjustment 


Fig.  89. 


Fig.  90. 


of  some  3  inches  when  in  position.     The  materials  are  of 
bronze  and  "  ^Etna"  insulation. 

Fig.  89  is  a  very  heavy  insulated  terminal  used  at 
trolley  wire  ends. 
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CHAPTER  VII. 

notes  and  details  on  materials  in  the  construc- 
tion and  equipment  of  various  tramway 
undertakings. 

Manchester  Corporation  Tramways. 

Permanent  Way. — The  gauge  of  the  track  is  4  ft. 
^\  in.  The  rails  are  of  Bessemer  steel,  60  feet  long, 
and  weigh  about  102  lb.  per  yard.  The  width  of  the 
flange  is  7  inches,  and  the  depth  over  all  is  7  inches  ; 
the  rail  groove  is  1^  inch  deep  and  \\  inch  wide.  The 
tread  of  the  rail  is  2^  inches  wide.  The  fish-bolt  holes 
in  the  web  of  the  rail  are  \\  inch  diameter.  The  fish- 
plates are  of  Bessemer  steel,  24  inches  long,  and  weigh 
64  lb.  per  pair.  The  diameter  of  the  fish-plate  bolts 
is  1  inch,  and  the  fish-plates  are  bolted  through  with 
six  bolts  and  fastened  with  patent  lock-nuts.  The  tie- 
bars  are  of  Bessemer  steel,  about  5  feet  long,  and  tie 
the  rails  every  10  feet  apart. 

The  concrete  foundation  placed  under  each  rail  is 
about  8  inches  deep  and  18  inches  wide.  The  composi- 
tion of  the  cement  concrete  is  4  parts  broken  stone, 
2  parts  sand,  and  1  part  cement.  The  rail  filling  is 
composed  of  6  parts  sand  to  1  of  cement.  The  rails  are 
floated  under  and  around  the  flanges  with  liquid  cement. 
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The  rails  are  bonded  at  eacli  joint  with  one  inside 
flexible  copper  bond,  8  J  inches  long,  and  two  solid 
copper  bonds  on  the  outside  of  the  fish-plates  30  inches 
long.  The  rails  are  also  well  bonded  at  points,  cross- 
ings, etc.,  and  are  cross  bonded  every  200  feet.  The 
roadway  is  paved  with  Welsh  granite  setts  3  to  3^ 
inches  wide  and  9   inches  long  (10  per  cent,  are  4  to 

5  inches  long),  the  joints  are  filled  with  limestone 
chippings  or  shingle,  and  grouted  with  pitch. 

Overhead  Equipment, — The  overhead  equipment  is 
constructed  both  on  the  centre  pole  and  side  pole  with 
span  wires ;  the  poles  used  are  made  of  steel  in  three 
sections,  planted  in  cement  concrete  foundations  about 

6  feet  deep  ;  the  trolley  wire  is  placed  at  a  distance  of 
about  18  ft.  6  in.  above  the  surface  of  the  roadway. 
The  trolley  wire  has  a  diameter  of  0  *  4  (y\)  of  an  inch. 
Its  weight  is  2557  lb.  per  mile.  Conductivity  98  per 
cent,  (by  Matthiessen's  standard).  Kesistance  0*337 
ohm  per  mile.  Stress  23  tons  per  square  inch.  The 
span  wires  are  composed  of  galvanized  mild  steel,  and 
the  sizes  used  are  7  No.  16,  7  No.  14,  and  7  No.  12 
S.W.G.  stranded  together  ;  the  breaking  stress  is 
35   tons   per   square    inch.      The   guard  wires   are    of 

7  No.  16  S.W.G.  stranded  cable  made  of  galvanized 
mild  steel. 

Conductivity  Test  for  Bonds. — The  sectional  area  of 
the  bonds  is  0*  166  square  inch. 

1.  For  all  except  internal  bonds :  The  bond  is 
immersed  in  water  at  a  temperature  of  60°  Fahr.,  and 
a  steady  continuous  current  of  considerable  magnitude 
is   passed   through   it,    and    also    through   a   standard 
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resistance  connected  in  series  with  it.  The  fall  of 
potential  between  two  points  24  inches  apart,  neither 
point  to  be  less  than  5  inches  from  the  end  of  the 
bond,  is  measured,  and  also  the  fall  of  potential  across 
the  standard  resistance ;  from  these  measurements 
the  resistance  of  the  bonds  between  the  points  is  cal- 
culated, which  resistance  shall  not  be  more  than  '0001 
ohm. 

2.  For  internal  bonds  :  These  will  be  tested  in  the 
same  manner  as  in  (l),  but  the  points  between  which 
the  difference  of  potential  is  measured,  will  be  taken 
on  the  solid  ends  of  the  bonds,  and  the  resistance  must 
not  exceed  0  •  000035  ohm. 

Brighton  Corporation  Electric  Tramways. 

The  concrete  bed  of  the  track  is  of  Portland  cement 
concrete,  6  to  1 ,  and  of  the  depth  of  6  inches ;  the  rails 
are  of  the  girder  type,  6  inches  high  with  a  7-inch  base, 
and  weigh  101  lb.  per  yard;  the  length  of  the  rails 
being  36  feet,  with  a  small  proportion  30  feet.  Extra 
strong  fish-plates,  weighing  46  lb.  per  pair,  were  used, 
with  20-inch  steel  sole-plates  under  the  rail  joint, 
resting  on  a  6 -inch  steel  girder  sleeper  running  trans- 
versely to  the  rails  (see  Fig.  32). 

The  method  adopted  for  laying  the  permanent  way 
was  as  follows  : — The  excavation  beino;  taken  out  to 
the  necessary  depth  for  the  concrete  bed,  and  also  the 
trenches  for  the  steel  sleepers,  the  latter  were  bedded 
on  a  6 -inch  foundation  of  cement  concrete  ;  the  rails 
were  then   laid    in    position  and   brought  true  to  the 
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required  level  and  bolted  up.  Then  the  concrete  bed 
for  the  permanent  way  was  put  in,  the  effect  of  this 
beiug  to  securely  anchor  down  the  rail  joints  with  the 
full  weight  of  the  concrete  substructure.  An  even  bed 
for  the  reception  of  the  wood  paving  was  provided  in 
fine  concrete  in  the  proportion  of  3  parts  sharp  sand 
to  1  of  Portland  cement,  wood  paving  being  carried  out 
throughout.  The  wood  selected  was  American  red  gum 
blocks,  which  were  dipped  in  hot  pitch  when  laid,  and 
then  grouted  up  with  hot  pitch.  The  rail  joints  were 
double  bonded  with  0000  copper  bonds.  The  steepest 
gradient  on  the  system  is  11  per  cent. 

The  overhead  construction  was  adopted  with  side 
and  centre  poles.  The  poles  are  of  drawn  tubular 
steel,  with  bracket  arms  of  2j-inch  steel  tubing  and 
ornamental  wrought-iron  scrollwork  of  elegant  design. 
Proper  provision  has  been  made  by  guard  wires  for  the 
protection  of  the  telegraph  and  telephone  wires  which 
cross  the  track. 

Lancaster  Corporation  Electric  Tramways. 

In  the  road  construction,  the  excavations  generally 
were  12  inches  deep,  allowing  a  6-inch  rail  section  to 
be  used  upon  a  6-inch  bed  of  concrete.  The  rail 
joints  are  supported  by  anchor  sole-plates  of  60  lb. 
weight,  and  24  inches  long,  inverted  and  riveted  to 
the  bottom  of  the  running  rail  (see  Figs.  33  and  34). 
The  weight  of  the  rails  is  90  lb.  per  yard,  and  they  are 
60  feet  long.  Each  rail  joint  is  bonded  with  two  0000 
copper  bonds.     The  steepest  gradient  is  1  in  10,  with 
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a  radius  of  80  feet.     The  sharpest  curve  on  the  track 
is  60  feet. 

Power  is  transmitted  by  the  overhead  trolley  system, 
side  bracket  poles  being  used  throughout.  These  poles 
were  planted  in  6  feet  of  concrete.  The  trolley  wire 
is  000  hard-drawn  copper,  and  is  supported  from  the 
bracket  arms  by  flexible  suspension  with  iEtna  insu- 
lators. Where  necessary,  guard  wires  are  provided.  A 
section  feeder  box  is  placed  at  every  half-mile  of  track, 
fitted  with  marble  panels  carrying  four  switch  fuses, 
two  feeder  switches,  lightning  arrester,  choke  coil  and 
telephone  plug  connection.  The  tramway  feeder  cables 
are  laid  in  the  centre  of  the  track  in  earthenware  con- 
duits. 

Bournemouth  Corporation  Tramways. 

The  track  is  laid  to  a  gauge  of  3  ft.  6  in. ;  several 
of  the  routes  are  double  track,  but  there  are  portions 
laid  single  with  turnouts.  The  rails  weigh  100  lb. 
per  yard ;  they  were  laid  on  a  bed  of  concrete  6  inches 
thick,  and  the  rail  joints  are  made  with  both  fish-plates 
and  sole-plates. 

The  overhead  equipment  includes  both  bracket  arm 
and  span  wire  construction ;  sectional  steel  poles  are 
used,  from  7  to  9  inches  diameter  at  the  base,  4  J  to 
5  J  inches  at  the  top,  and  31  feet  long.  The  bracket 
arms  are  of  steel  tapered  tube.  The  trolley  wire  is  of 
•  384  inch  hard-drawn  copper. 
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Camps  Bay,  Capetown  and  Sea  Point  Tramways. 

Tlie  gauge  of  the  track  is  4  ft.  8|  in.  The  rails  are 
of  the  girder  section,  weighing  90  lb.  per  yard.  They 
are  laid  on  a  concrete  foundation,  a  strip  of  concrete 
6  inches  deep  and  18  inches  wide,  composed  of  5  to 
1  Portland  cement,  being  laid  under  each  rail.  Karri 
wood  paving  has  been  laid  for  a  width  of  1  ft.  10  in. 
on  each  side  of  the  track,  and  a  9 -inch  toothing  course 
along  the  inner  side  of  each  rail.  The  rail  joints  are 
each  bonded  with  two  6/0  S.W.C  copper  rail  bonds. 
Gradients  of  1  in  9  are  encountered. 

The  side  arm  system  has  been  adopted  for  the  over- 
head equipment,  the  trolley  wire  of  No.  0  S.W.C,  being 
carried  at  a  height  of  18  ft.  6  in.  above  the  rail  level. 
The  poles  are  of  mild  steel,  tapering  from  7  inches  at 
the  base  to  3  J  inches  diameter  at  the  top.  The  arms 
vary  in  length  from  6  ft.  6  in.  to  15  feet,  according  to 
the  width  of  the  road,  the  average  distance  of  the 
furthest  trolley  wire  from  the  centre  of  the  track  being 
10  feet. 

Cardiff  Corporation  Tramways. 

The  sharpest  curve  on  the  system  is  of  40  feet  radius, 
and  the  steepest  gradient  1  in  20.  Girder  type  of  rails 
have  been  used,  having  a  weight  of  100  lb.  per  yard. 
The  rails  are  45  feet  long,  and  6 J  inches  deep,  with 
a  7-inch  flange.  The  groove  of  the  rail  \&  \\  inch 
wide  by  1^  inch  deep.  The  rails  are  laid  on  a  concrete 
bed  11  inches  deep  and  18  inches  wide,  the  depth  of 
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the  concrete  under  the  other  portions  of  the  track  being 
8  inches.  The  rail  joints  are  made  by  fish-plates 
weighing  64  lb.  per  pair,  with  six  1-inch  bolts  and 
patent  lock-nuts.  The  joints  are  further  secured  by 
sole  plates  2  ft.  by  11  in.  by  \  in.  thick,  secured  by 
four  single  and  two  double  clips,  with  f-inch  bolts  and 
nuts.  The  depth  of  the  rails  being  ^\  inches,  and  that 
of  the  paving  bricks  only  4  inches,  enables  the  rails  to 
be  buried  in  concrete  to  a  depth  of  i\  inches. 

The  track  is  paved  almost  entirely  with  wood 
blocks,  with  composition  blocks  between  the  tracks, 
where  centre  poles  are  used.  The  wood  blocks  are 
jarrah  wood  and  red  giim.  To  reduce  the  wear  and 
tear  on  the  wood  blocks  at  the  sides  of  the  rails,  chilled 
iron  paving  blocks  are  laid  alternately  with  the  wood 
blocks.  The  track  is  double-bonded  at  each  joint  with 
a  copper  bond,  and  a  plastic  bond ;  it  is  cross-bonded 
about  every  80  yards. 

The  overhead  equipment  is  flexibly  suspended,  both 
centre  pole  and  side  pole  with  bracket  arms  and  span 
wire  construction  being  used.  The  hangers  are  made  of 
best  gun-metal,  with  |  inch  insulated  bolts.  None  of 
the  ears  are  less  than  1 8  inches  long  and  vary  in  length 
up  to  36  inches.  The  span  wire  consists  of  seven 
strands  of  No.  12  S.W.G.  galvanized  steel  wire,  whilst 
the  guard  wires  are  of  12  No.  16  strands. 

Portsmouth  Electric  Tramways. 

The  gauge  of  the  track  is  4  ft.  7f  in.,  and  the  rails 
of   the   steel    girder   type    weigh   90   lb.  per  yard,  in 
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lengths  of  40  feet.  The  fish-plates  weigh  130  lb.  per 
pair,  being  combined  with  sole-plates.  The  rails  are 
double-bonded  with  copper  bonds  30  inches  long,  and 
are  cross-bonded  every  40  yards.  The  foundation  of 
the  track  consists  of  6  inches  of  concrete,  varying  to 
13  inches  in  places,  upon  which  the  rails  are  laid  direct. 
The  overhead  equipment  was  carried  out  on  both  the 
span  wire  and  the  bracket  systems,  much  of  the  track 
being  equipped  with  single-arm  bracket  poles.  The 
trolley  wire  is  double  throughout,  of  00  B,  and  S. 
gauge,  and  is  placed  centrally  over  the  track.  The 
system  is  divided  into  sections  each  half  a  mile  long, 
supplied  with  current  by  14  feeders,  which  are  mostly 
drawn  into  conduits. 

Salford   Corporation   Tramways. 

The  gauge  of  the  track  is  4  ft.  8  J  in.  The  maxi- 
mum grade  of  the  track  is  1  in  20,  and  the  sharpest 
curve  41  ft.  6  in.  in  radius.  The  track  is  laid  on  a  con- 
crete bed,  and  consists  of  60  feet  girder  rails,  weighing 
103  lb.  per  yard.  The  roadway  is  paved  with  granite 
setts.  The  joints  are  double-bonded  with  flexible 
copper  bonds,  equivalent  to  0000  S.W.G.  in  cross 
section,  and  the  trucks  and  rails  are  cross-bonded 
every  120  feet. 

The  overhead  equipment  is  carried  out  both  with 
span  wire  construction,  and  centre  pole  work  fitted 
with  flexible  suspension.  The  guard  wires  are  7  No.  16 
stranded  galvanized  steel  cables ;  the  trolley  wire  is  of 
hard-drawn  copper  ;  the  poles  are  made  of  steel.     The 


92  PRACTICAL    CONSTRUCTION  OF 

tramway  feeders  are  drawn  into  ducts  ;  they  are  18  in 
number,  ranging  in  cross-section  from  0*75  to  0*25 
sq.  in.  The  trolley  line  is  divided  into  half-mile  sec- 
tions, the  switches  being  placed  in  section  boxes. 


Great  Yarmouth  Tramways. 

The  rails  weigh  90  lb.  per  yard,  and  are  in  lengths 
of  45  feet.  The  foundation  consists  of  a  concrete  bed 
6  inches  thick,  on  which  the  rails  are  laid  to  a  gauge 
of  3  ft.  6  in.  The  rails  are  tied  every  6  feet,  and 
cross-bonded  at  intervals  of  120  feet.  The  steepest 
grade  is  1  in  27,  and  the  sharpest  curve  48  feet  radius. 
The  bonds  are  both  of  the  copper  bond  and  plastic  type. 
The  trolley  wire  is  '409  inch  in  diameter,  and  is  sus- 
pended from  brackets  carried  on  side  and  centre  poles. 

Wallasey  Traction  System. 

The  steepest  gradient  is  1  in  14,  the  sharpest  curve 
having  a  radius  of  45  feet  to  the  inside  rail.  All  curves 
were  laid  "  tight- to-gauge,"  and  this  is  said  to  have 
been  found  of  much  advantage  in  working.  Most  of 
the  curves  are  of  at  least  75  feet  radius.  To  form  a 
bed  for  the  rails,  the  road  was  excavated,  and  6  inches  of 
concrete  were  laid  down.  The  rails  were  laid  on  blocks 
of  concrete  about  12  inches  square,  and  the  bed-concrete 
was  then  brought  up  to  the  rails.  Between  the  rails, 
and  for  18  inches  on  each  side,  the  track  has  been 
paved,  generally  with  granite.  The  rails  are  60  feet 
long,  weighing  98  lb.  per  yard.     The  base  of  the  rail 
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is  7  inches  wide,  and  the  depth  from  face  to  underside 
of  base  is  also  7  inches.  Fish-plates  weighing  64  lb.  per 
pair  were  used,  also  a  patent  sole-plate  weighing  34  lb. 
was  used  under  each  joint. 

Tie  bars  were  used  every  7  ft.  6  in.  The  gauge  is 
standard,  4  ft.  8 J  in.  Copper  bonds  and  plastic  bonds 
have  been  used  at  the  rail -joints.  A  cross  bond  was 
introduced  at  every  100  feet.  The  points  and  crossings 
are  bonded  through,  in  addition  to  the  bonding  at  the 
joints. 

In  the  overhead  equipment,  side  poles  and  brackets 
have  been  used  generally  to  carry  the  trolley  wires. 
The  poles  are  three-section  steel  poles,  31  ft.  6  in.  high, 
and  weigh  about  5  cwt.  each.  The  brackets  vary  in 
length  from  10  ft.  6  in.  to  18  ft.  6  in.  Two  guard 
wires  have  been  used  above  the  trolley  wires  wherever 
necessary.  All  guard  wires  are  earthed  and  bonded  on 
the  poles,  and  the  poles  are  bonded  to  the  rails.  Two 
gauges  of  cold-drawn  copper  trolley  wire  have  been 
used ;  one  of  00  gauge  is  used  for  the  car  shed,  while 
on  the  roads  a  wire  of  000  gauge  is  used. 

Glasgow  Corporation  Electric  Tramways. 

The  track  is  laid  with  grooved  girder  rails,  weighing 
98  lb.  per  yard  in  60  feet  lengths.  The  rails  are  7  inches 
high,  with  a  base  7  inches  wide,  and  are  laid  on  a  concrete 
bed  6  inches  thick.  The  fish-plates  are  31  inches  long, 
and  are  fixed  with  eight  1  inch  bolts.  On  curves  the 
rails  weigh  105  lb.  per  yard.  The  groove  is  1 J  inch  wide 
and  deep,  and  the  gauge  of  the  track  is  4  ft.  7f  in.     Each 
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joint  in  the  rails  is  bonded  with  two  No.  0000  B.  and  S. 
solid  copper  bonds  over  the  fish-plates  fixed  in  the  wel> 
of  the  rails,  and  two  flexible  copper  bonds  of  the  same 
gauge  fixed  on  the  foot  of  the  rails. 

The  overhead  equipment  is  carried  out  on  the  span- 
wire  system  with  rosettes ;  the  rosettes  are  of  cast  iron, 
with  rubber  buffers  to  diminish  vibration.  The  trolley 
wire  is  of  No.  00  B.  and  S.  gauge,  divided  into  half- 
mile  sections.  The  span  wires  are  of  7  No.  12  S.W.G. 
galvanized  steel.  The  guard  wires,  which  are  earthed, 
are  of  No.  7  S.W.G.  steel  wire,  with  7  No.  14  galvanized 
steel  span  wires.  The  trolley  is  of  the  *'  straight  under- 
running  "  type,  so  that  the  trolley  wire  is  directly  over 
the  centre  of  the  track.  Central  pole  construction  is 
used  in  several  parts.  Bow-string  (flexible)  suspension 
is  used,  to  avoid  shock  to  the  trolley. 

East  Ham  Electric  Tramway. 

The  gauge  of  the  track  is  4  ft.  8  J  in.  No  curves 
are  of  less  than  40  feet  radius.  The  whole  of  the  track 
is  laid  with  87  lb.  rails,  double-bonded  throughout,  with 
0000  S.W.G.  copper  bonds.  The  double  track  is  laid 
upon  a  continuous  bed  of  cement  concrete,  6  inches  thick, 
paved  throughout  to  a  distance  of  18  inches  outside  the 
rails  with  granite  setts,  while  in  the  single  track  the 
rails  are  laid  on  a  continuous  bed  of  concrete  1 8  inches 
wide  by  9  inches  thick,  the  surface  being  paved  with 
granite  setts  9  inches  on  each  side  of  the  rails,  and  the 
centre  filled  in  with  tarred  macadam. 

The  overhead  equipment  consists   entirely  of  side 
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pole  and  bracket  construction,  the  maximum  length  of 
any  bracket  being  18  feet.  The  poles,  which  are  of  the 
telescope  joint  type,  are  known  as  the  No.  3  and  No.  4 
pole,  the  No.  3  having  a  length  of  31  feet,  weighing 
without  the  base,  990  lb.,  while  No.  4  is  of  the  same 
length,  with  a  weight  of  1321  lb.  The  trolley  wires 
are  No.  0  B.  and  S.  gauge,  tested  to  an  actual  breaking 
stress  equal  to  27*3  tons  per  square  inch. 

Isle  of  Thanet  Light  Railway. 

The  track  is  mainly  laid  double,  the  gauge  of  which 
is  3  ft.  6  in.  and  wherever  possible  it  has  been  laid  inter- 
lacing in  preference  to  single.  The  rails  used  weigh 
83  lb.  per  yard  ;  they  are  well  bonded  throughout  by 
0000  B.  and  S.  gauge  copper  rail  bonds.  In  the  towns 
wood  paving  has  been  used ;  in  other  places  ordinary 
granite  paving  at  each  side  of  the  rail  was  thought 
suflScient. 

The  overhead  wire  is  of  No.  0  B.  and  S.  gauge  carried 
by  ears  and  hangers  supported  from  off  mild  steel  poles 
built  in  three  sections.  Section  boxes  are  placed  every 
half-mile,  being  fitted  with  two  main  switches,  four 
feeder-switches,  pilot  terminals,  and  a  telephone. 

London  United  Tramways. 

The  system  consists  almost  entirely  of  double  track. 
The  rails  are  of  steel  of  the  very  best  quality.  The 
weight  of  the  rails  is  92  J  lb.  per  lineal  yard,  and  they 
are  rolled  in  36  feet  lengths.     The  bed  on  which  the  rails 


96  PRACTICAL    CONSTRUCTION  OF 

are  laid  consists  of  concrete  6  inches  thick,  composed  of 
seven  parts  Thames  ballast  and  one  part  Portland 
cement.  This  is  covered  with  a  floating  of  sand  and 
cement  about  2  inches  thick,  on  which  are  laid  the 
wood  blocks,  the  joints  being  afterwards  run  in  with 
pitch.  The  sand  and  cement  floating  is  composed  of 
four  parts  clean  sharp  sand  and  one  part  Portland 
cement.  The  fish-plates  weigh  92 J  lb.  per  pair,  and 
are  made  of  steel  of  the  very  best  quality.  The  rails 
are  double-bonded  throughout.  At  every  joint  there  are 
two  copper  bonds  of  0000  B.  and  S.  gauge,  with  cross 
bonds  every  40  yards.  The  tramways  are  paved  with 
hard  wood  jarrah  blocks,  tar-grouted  and  top-dressed 
with  Portland  cement. 

Practically  the  whole  of  the  "overhead"  equip- 
ment is  carried  out  on  the  "  span  wire  "  system.  The 
side  standards  are  formed  of  steel  tubes,  and  three 
grades  are  used,  able,  when  set  6  feet  in  the  ground, 
to  stand  stresses  of  700  lb.,  1000  lb.  and  1500  lb. 
respectively,  applied  30  inches  from  the  top,  with  a 
temporary  deflection  of  not  more  than  6  inches;  and 
stresses  of  1200  lb.,  1760  lb.  and  2600  lb.  respec- 
tively applied  in  the  same  manner,  with  a  permanent 
set  of  not  more  than  \  inch. 

These  standards  are  set  in  6  feet  of  concrete,  which 
completely  fills  the  holes  dug  to  receive  them,  and 
which  is  thoroughly  tamped  down  during  the  process 
of  filling.  The  radial  thickness  of  the  concrete  round 
the  standard  is  8  inches.  The  lower  end  of  each 
standard  rests  on  a  cast-iron  plate.  The  concrete  used 
was  composed  of  one  part  best  Portland  cement  to  five 
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parts  clean  gravel  or  broken  stone,  mixed  as  required 
and  used  fresh.  The  standards  are  planted  with  a 
sufficient  rake  to  compensate  for  the  strain  caused  by 
the  bracket  arm  and  span  and  trolley  wires  when  erected. 
The  trolley  wire  is  hard-drawn  copper  wire  of 
No.  0  B.  and  S.  gauge,  having  a  conductivity  of  98  per 
cent,  of  pure  copper.  The  diameter  of  this  wire  does 
not  vary  more  than  *  0004  inch  ;  and  the  weight  per 
1000  yards  is  960  lb.  The  maximum  working  stress 
will  not  exceed  2000  lb.,  and  the  breaking  stress  is 
5000  lb.  The  entire  route  is  divided  into  half-mile 
sections,  and  two  section  boxes  are  provided.  This  con- 
stitutes one  of  the  most  distinctive  features  of  the 
system,  as  each  trolley  wire  has  its  own  feeder  and 
distributor,  and  each  of  these  can  be  disconnected  at 
these  section  boxes.  The  distribution  is  thus  dupli- 
cated throughout,  forming  an  ideal  system,  providing 
against  breakdowns  either  in  the  cables  or  in  the  over- 
head equipment.  The  section  boxes  are  all  equipped 
with  telephone  plug-boxes.  These  are  connected  with 
a  16-line  annunciator  at  the  head  office,  which  is  also 
connected  with  the  various  departments  in  the  offices, 
thus  providing  a  complete  system  of  intercommunica- 
tion between  the  respective  departments  and  all  parts 
of  the  lines. 

The  object  of  this  chapter  has  been  to  show  the 
standard  practice  at  present  in  vogue.  In  the  author's 
opinion,  no  rails  should  be  used  of  a  less  weight  than 
95  lb.  weight  per  lineal  yard,  and  the  weights  of  rails 
chosen  ought  to  vary  (according  to  local  conditions  and 
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circumstances)  from  a  minimum  of  95  lb.  up  to  a 
maximum  of  about  120  lb.  weight  per  lineal  yard.  As 
regards  the  trolley  wire,  it  should  be  of  hard-drawn 
copper  of  a  minimum  size  equal  to  00  B.  and  S.  gauge. 
Guard  wires  should  never  be  used  of  one  solid  wire, 
because  if  nicked  or  damaged  it  tends  to  break  easily  ; 
all  guard  wires  should  be  of  stranded  wire  of  not  less  than 
7  No.  18  strands,  and  made  of  silicon-bronze.  Span 
wires  should  all  be  stranded,  of  a  not  less  size  than  7 
No.  14  gauge.  The  ideal  materials  for  overhead  line 
equipment,  both  from  a  practical,  safe  and  durable  point 
of  view,  are  hard-drawn  copper  for  the  trolley  wire,  and 
silicon-bronze  for  all  span  wires,  guard  wires  and  turn- 
buckles  ;  galvanized  iron  and  steel  possess  the  inherent 
weakness  of  the  "  skin  "  cracking  and  peeling  off  and 
rusting,  thus  becoming  weak,  with  a  great  liability  to 
break. 
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CHAPTER  VIII. 

TESTING   AND    MAINTENANCE   OF    ELECTRIC   TRAMWAYS. 

It  is  highly  important  and  desirable  to  have  a  good 
means  of  localising  faults  on  a  tramway  system.  One 
of  the  best  systems  of  testing  (due  to  Mr.  A.  Johnston) 
is  shown  in  Figs.  91  and  92,  by  which  means  the  position 
of  a  fault  can  be  found  with  a  fair  degree  of  accuracy 
and  rapidity,  the  only  delay  being  caused  by  the 
necessity  to  divide  the  reading  on  the  testing  volt- 
meter into  the  value  of  the  testing  current  and  then 
refer  to  a  chart  before  the  position  can  be  found. 

The  testing  current  is  limited  by  any  auxiliary 
resistance,  but  should  be  comparatively  high  so  as  to  get 
an  appreciable  reading  on  the  voltmeter,  one  terminal 
of  which  is  permanently  connected  to  the  auxiliary 
bus-bar,  the  other  being  put  to  the  far  end  of  the 
feeder  to  be  tested  by  means  of  a  pilot  wire  laid  for 
the  purpose.  The  cost  of  these  pilot  wires  is  the  chief 
objection  to  this  method  of  testing,  but  if  they  are  put 
in  at  the  same  time  as  the  other  cables,  the  time  saved 
should  soon  pay  for  this  ;  one  such  pilot  wire  is  neces- 
sary for  each  terminus,  at  which  places  they  are  con- 
nected to  the  trolley  wires,  preferably  through  fuses. 

The  arrangements  in  the  station  depend  on  whether 
the  mains  are  connected  to  one  another  outside  or  not, 
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It  is  usual  tliat  they  are  not;  then,  should  a  "  short" 
occur,  it  will  only  aflfect  the  one  particular  section 
that  it  is  on.  The  connections  for  testing  such  a 
tramway  as  is  shown  in  Fig.  91,  are  given  in  Fig.  92, 
by  which  it  will  be  seen  that  all  of  the  four  feeders  are 
brought  to  ammeters,  and  these  are  connected  to  the 
hinges  of  single  pole  change-over  switches.  The 
ordinary  working  position  of  these  switches  is  on  the 
upper  contacts.  The  feeders  are  then  connected  through 
circuit  breakers  direct  to  the  positive  bus-bar,  but  if  a 
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Fig.  91. 

switch  is  changed  over  to  the  bottom  contact,  that 
feeder  will  then  be  connected  to  the  positive  bus-bar, 
through  an  auxiliary  resistance  A  R,  which,  if  there  be 
a  "  short  circuit"  on  the  feeder,  will  keep  the  current 
down  to  a  reasonable  figure. 

It  is  advisable,  as  already  stated,  that  this  current 
should  be  large  so  as  to  get  a  distinct  reading  on  the 
voltmeter,  but  if  too  large  it  is  liable  to  do  harm  in 
the  way  of  burning  through  a  trolley  wire  or  destroy- 
ing  a   length  of  cable ;    50  to  100  amperes,  however, 
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should  be  safe  enough.  Should  the  mains  be  connected 
outside  the  station,  it  will  only  be  necessary  to  have  a 
change-over  switch  for  the  feeder  that  is  connected  to 
the  trolley  wires  at  the  nearest  point  to  the  station, 
the  other  feeders  having  ordinary  single-pole  switches, 
which  must  be  opened  during  the  testing. 

A  map  is  made  out  to  a  large  scale  of  the  tramway 
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lines  and  feeders,  and  the  resistances  of  the  latter  are 
marked  at  all  points  where  they  alter  in  sectional 
area,  and  at  junctions,  such  as  feeder  pillars,  etc.  This 
map  should  be  framed  and  hung  in  a  handy  position 
for  reference.  In  noting  the  resistances,  care  should 
be  taken  that  there  are  no  loose  connections  in  the 
section  pillars  to  heat  and  cause  the  resistance  to  vary. 
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A  good  way  to  guard  against  this  is  to  take  the 
resistance  of  each  feeder  or  section  before  the  cars  start 
running  in  the  morning,  and  again  after  the  last  car 
has  come  in  at  night.  The  latter  result  will  of  course 
be  a  little  higher  than  the  former,  and  if  the  difference 
is  considerable,  there  is  undue  heating  somewhere, 
which  must  be  remedied  before  finally  filling  in  the 
resistances  on  the  chart. 

When  a  fault  occurs  the  switch  of  that  section  is 
put  on  the  bottom  contact,  the  low-reading  voltmeter 
marked  V  in  Fig.  92  is  put  between  the  far  end  of  the 
feeder  and  the  auxiliary  bus-bar,  by  means  of  the  small 
multiple-way  switch  S,  thus  showing  the  drop  in  volts 
along  the  feeder  (and  the  trolley  wires  if  they  are  con- 
nected in  parallel  with  the  feeder)  to  the  fault ;  this 
drop  is  divided  by  the  value  of  the  current  shown  on 
the  feeder  ammeter,  and  the  map  is  then  consulted  to 
find  the  position  of  the  fault. 

E 

Thus,   suppose   the   ratio    p    or    the  resistance  is 

found  to  be  '045,  it  is  evident  by  the  map  (Fig.  91), 
if  the  fault  is  on  the  feeder  running  to  x  that  it  is 

between  h  and  q,  and  further  it  is  —- ,  or  half 

of  the  distance  from  h  to  g.  Even  though  the  trolley 
wires  and  the  feeders   are    connected   in    parallel  the 

fault  will  always  be  ^~  of  the  distance  between  the  two 

section  pillars,  provided  that  all  three  conductors  remain 
unbroken,  or  if  broken,  that  both  ends  at  the  fracture 
make  contact  with  earth,  where  x  is  the  resistance  from 
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one  section  pillar  to  the  next  (the  fault  being  known  to 

■p 
be  between  these  two),  and  y  the  ratio—  found    by 

testing,  less  the  resistance  to  the  section  pillar  nearer 
the  station.  This  will  be  seen  by  referring  to  Fig.  93, 
which  represents  two  trolley  wires  and  the  feeder  between 
two  section  pillars  marked  P  and  Q.  Let  the  resistance 
of  any  two  of  these  three  conductors  be  ri,  and  the 
resistance  of  the  third  be  r^. 

TrollsL/  Wi'res 

I 


Feeder 


Fig.  93. 

The  testing  current  of  C  amperes  is  run  from  P  to  Q, 
giving  a  volts  drop  between  these  two  points.  A  fault 
will  be  assumed  on  the  third  conductor,  and  its  resist- 
ance from  Q,  the  further  section  pillar,  to  the  fault  r^ ; 
the  current  in  the  first  instance  flowing  along  the  two 
wires  or  a  wire  and  the  feeder  will  be — 


c 


rx  +  ^2 


Then 


but 


T 


ri  +  r.i 
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When  testing  with  a  fault  on,  the  current  is  run 
from  P  to  the  fault,  and  its  value  through  the  two  con- 
ductors will  be 

Tn    —     7*3 

r^  +  ra 

and  if  the  drop  in  volts  from  P  to  Q  is  6,  then 

r.  —  r. 


but 


From  these  results, 


6  =  ?'i  c 

7-1  +  7-2 


y  =  n-^— — -• 

7^1  +  7*2 


This  will  represent  the  fraction  of  the  conductor's 
length  that  the  fault  is  from  P,  as  it  is  of  the  same 
section  from  P  to  Q.  The  current  in  the  second  case 
need  not  be  the  same  as  the  first,  for  should  it  vary 
the  value  of  h  will  vary  in  proportion,  and  the  ratio 

-  01  y  will  remain  constant. 
c 

A  similar  method  of  testing  is  to  take  the  drop  in 

volts  on  the  rails  instead  of  on  the  feeders ;  the  results 

would  not  be  so  accurate,  as  the  current  may  flow  along 

a  water  or  gas  pipe  some  distance  before  it  enters  the 

rails,  but   they  should   be  very  useful,  and  could  be 

applied  to  most  existing  tramways  without  running  any 

extra  pilot  wires,  as  there  will  already  be  wires  run  to 
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each  terminus  and  connected  to  the  rails  for  the  Board 
of  Trade  recording  instruments. 

The  arrangements  in  the  station  will  be  the  same  as 
in  Fig.  92,  except  that  the  testing  voltmeter  is  con- 
nected to  the  negative  instead  of  the  auxiliary  bus-bar. 
It  would  be  necessary,  however,  when  testing,  to  open 
all  the  feeder  switches,  closing  only  the  one  connected 
to  the  feeder  with  the  fault  on  it,  downwards ;  the 
current  from  the  cars  on  the  other  sections,  if  left  on, 
would  also  return  by  the  rails  and  make  the  results 
erratic.  Whether  the  rails  or  feeders  are  used,  the 
resistances  to  the  various  points  are  best  found  by 
experiment;  this  can  be  done  by  temporarily  connect- 
ing the  trolley  wires  to  the  rails,  at  these  places,  one  at 
a  time,  noting  the  current  and  taking  the  drop  in  volts. 
This,  of  course,  could  not  be  done  while  the  traffic 
was  running. 

The  attainment  of  the  maximum  revenue  return 
with  a  minimum  of  expenditure  is,  or  should  be,  the 
object  of  every  corporation  and  general  manager.  This 
object  can  only  be  attained  by  making  a  careful  and 
systematic  study  of  the  various  departments,  officials, 
etc. ;  catering  for  the  greatest  possible  passenger  traffic 
(due  consideration  always  being  given  to  the  safety  of 
the  public),  and  conducting  the  management  and 
business  on  a  good,  sound  commercial  basis. 

As  regards  the  officials  and  staff,  the  general 
manager  himself  should  be  a  man  of  wide  commercial 
experience,  should  possess  good  executive  ability,  be  a 
master  of  detail,  be  able  to  judge  the  capabilities  of  his 
staff,  have  some  legal  knowledge,  and  should  possess 
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the  important  faculty  of  combining  judgment,  tact  and 
diplomacy,  not  only  in  the  handling  of  his  staff  of 
officials,  and  the  management  of  his  tramways,  but  in 
the  more  delicate  matter  of  dealing  with  complaints, 
accidents,  etc. 

The  corporation  or  company  should  provide  him 
with  an  efficient  staff  to  carry  out  his  responsible  work, 
and  always  endeavour  to  get  the  best  men  possible, 
who  should  be  specialists  in  their  several  departments. 

In  reference  to  his  right-hand  man,  viz.  the  traffic 
superintendent,  he  should  be  a  man  well  versed  in 
the  technicalities  of  his  work,  be  well  used  to  the  hand- 
ling and  control  of  men,  and  be  able  at  all  times  to 
successfully  cope  with  any  increased  demands  for  traffic 
(which  from  time  to  time  take  place)  providing  he 
has  the  labour  and  rolling-stock  placed  at  his  disposal. 

The  car  shed  superintendent  should  not.  only  be  a 
good  practical  man,  but  be  well  versed  technically  in 
the  construction  and  testing  of  motors,  controllers  and 
all  accessories  on  the  car,  and  thoroughly  understand 
the  rolling  stock  in  general. 

There  should  also  be  an  overhead  wire  and  con- 
struction superintendent  to  thoroughly  inspect  and 
maintain  in  good  efficient  order  all  wires,  etc.,  and  be 
able  to  competently  superintend  any  extensions  which 
may  be  required.  The  permanent  way  ought  to  be 
periodically  inspected. 

As  regards  small  corporation  tramway  systems,  it 
is  sometimes  economical  to  obtain  men  who  are  fully 
competent  to  fulfil  a  combination  of  some  of  the  duties 
of  more  than  one  department,  but  in  the  case  of  large 
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corporation  tramway  systems,  it  is  most  advisable  and 
economical  to  obtain  competent  specialists  in  their 
several  departments. 

The  motor  men  should  be  very  well  instructed  in 
regard  to  the  smooth  working  and  running  of  their 
cars,  more  especially  when  starting  and  stopping ;  this 
should  be  done  gradually,  which  prevents  undue  strain 
on  the  motors  and  the  cars  themselves,  also  the  un- 
pleasant jolting  of  the  passengers. 

The  rolling  stock  should  be  periodically  overhauled, 
inspected,  cleaned  and  greased  (where  required) ;  the 
brushes  and  the  sliding  contacts  on  the  controller  barrel 
should  be  kept  clean,  and  good  metallic  clean  contact  at 
even  pressure  be  maintained  between  the  brushes  and 
contacts.  The  motor  bearings  and  gearing  should  be 
well  lubricated,  and  the  armature  commutator  kept 
smooth  and  clean  and  the  brushes  nicely  adjusted,  and 
suspension  mechanism  kept  in  good  order  ;  all  cable  and 
wire  connections  should  be  in  good  contact  (both  elec- 
trically and  mechanically).  Loose  connections  cause 
faults  and  undue  heating.  The  sand  boxes  and 
sanding  pipes  should  be  kept  dry  and  clean,  the  hand- 
brakes and  pull  rods  and  chains  should  work  freely 
and  the  bearings  should  be  well  greased,  and  the 
emergency  brake  be  in  good  order ;  the  same  remarks 
apply  to  the  electrical  appliances,  etc.,  such  as  trolley 
pole  and  wheel,  circuit  breaker,  lightning  arresters,  fuse 
blocks,  switches,  lamps,  etc. 

With  such  systematic  inspection,  etc.,  the  life  of  the 
car  and  its  equipment  is  increased,  and  the  cost  of  main- 
tenance is  kept  low.     As  before  stated,  the  permanent 
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way  should  be  periodically  inspected,  more  especially 
at  crossings,  turnouts  and  switches,  frogs,  etc.  The 
automatic  tongues  and  tongue  boxes  should  be  kept 
clean  and  working  freely,  rail  joints  should  be  often 
inspected  to  see  that  they  are  not  vibrating  loose ; 
it  is  highly  important  that  the  rail  grooves  should  be 
kept  as  clean  and  free  from  gravel,  sand,  stones  and 
mud  as  possible ;  it  must  not  be  forgotten  that  the 
tractive  force  or  resistance  to  traction  is  kept  low  by 
such  means,  which  of  course  means  less  power  consumed 
in  working  the  car.  The  track  should  be  periodically 
gauged  to  see  that  it  keeps  true.  By  such  inspec- 
tion, etc.  the  life  of  the  truck  and  car  wheels  is 
increased,  the  power  consumed  kept  to  its  lowest,  and 
the  maintenance  expenses  kept  low. 

The  overhead  equipment  should  also  be  periodically 
inspected,  the  poles  should  be  kept  well  painted,  as  this 
prevents  rusting  ;  every  ear  should  be  examined  to  see  if 
the  wire  is  worn  at  the  lip,  and  that  the  insulating  bolt 
is  in  good  order.  Span  wires,  guard  wires,  flexible 
suspensions  and  nozzles  should  be  examined  for  broken 
strands  and  rust.  All  nozzles,  turnbuckles,  mechanical 
frogs  and  their  pull  gear  should  be  kept  well  greased. 
Cracks  should  be  looked  for  in  globe  strains  and  other 
insulators.  Section  insulators  should  be  examined  for 
wear,  and  feeder  cables  should  not  have  worked  loose  at 
the  section  insulators,  or  have  the  insulation  worn  off 
at  the  point  where  they  come  through  the  pole. 

The  fact  must  not  be  lost  sight  of,  that  a  certain 
percentage  of  the  revenue  receipts  is  required  for  main- 
tenance expenses,  and  the  great  object  should  be  to 
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keep  this  expense  to  the  lowest  possible  limit.  This  can 
only  be  attained  first  by  installing  a  good  sound  equip- 
ment from  beginning  to  end,  and  second,  by  employing 
competent  officials,  who  give  the  different  sections  a 
thorough  systematic  inspection  and  overhauling  ;  this 
avoids  accidents  from  neglect,  and  keeps  the  equipment 
in  smooth  and  efficient  working  order. 

A  word  or  so  here  will  not  be  out  of  place  regard- 
ing the  size  of  tramcars  to  be  adopted  from  a  com- 
mercial point  of  view.  As  regards  this  choice  of 
cars,  there  are  different  opinions.  Some  tramway 
engineers  and  managers  are  in  favour  of  the  small 
type,  and  others  are  in  favour  of  the  large  type  of  cars. 
Neither  type,  taken  separately,  fulfils  the  ideal,  under 
average  local  conditions  :  generally  a  combination  of  the 
large  and  small  type  is  more  economical. 

For  example,  supposing  we  take  seaside  resorts.  In 
winter,  when  the  traffic  is  comparatively  small,  then 
the  small  type  of  car  is  more  economical,  because  they 
require  less  power  to  drive  them.  In  summer  the  large 
type  of  car  is  the  more  economical  because  they  carry 
the  most  passengers.  The  fact  must  not  be  lost  sight  of 
that,  whereas  the  large  type  of  cars  require  more  power 
to  drive  them  than  the  small  ones,  still,  at  the  same  time 
the  labour  cost  of  running  them,  i.e.  the  motor  man  and 
the  conductor,  is  exactly  the  same.  Under  some  special 
conditions,  however,  in  the  case  of  very  large  cars  ao 
busy  times,  there  is  sometimes  a  boy  in  addition  to 
assist  the  conductor  in  his  duties. 

Therefore,  in  winter,  it  would  be  false  economy, 
under  the  above  conditions,  to  run  large  cars  compara- 
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tively  empty  of  passengers,  since  there  would  be  aa 
excess  of  energy  used  for  no  useful  purpose ;  and  in 
summer  it  would  be  false  economy  to  run  a  very  quick 
service  of  small  cars  to  cope  with  the  large  passenger 
traffic,  because  by  so  doing  you  have  a  big  capital 
outlay  on  a  large  number  of  cars,  comparatively  in- 
creased labour  expenses,  and  increased  depreciation  and 
maintenance  expenses. 

Again,  in  large  manufacturing  or  business  cities, 
generally  a  combination  of  the  large  and  small  type  of 
cars  is  the  most  economical,  for  the  very  obvious  reason 
that  at  certain  hours  of  the  day,  viz.  at  morning, 
noon  and  evening,  there  is  generally  a  large  passenger 
traffic  which  has  to  be  met  by  having  the  large  cars ; 
again,  during  certain  other  hours  of  the  day  the  pas- 
senger traffic  is  comparatively  small,  and  then  the 
small  cars  are  the  most  economical.  To  state  the  pro- 
position in  a  few  words,  there  are  the  hours  of  large 
traffic  demands  suitable  for  the  large  cars,  and  the  hours 
of  small  traffic  demands  suitable  for  the  small  cars — 
assuming,  of  course,  that  the  time  service  of  the  cars  is 
the  same  in  each  case.  The  question  then  resolves 
itself  into  what  is  the  most  economical  method  to  follow 
to  attain  the  maximum  revenue  returns  with  minimum 
capital  outlay  and  expenditure,  because  this  question 
affects  the  whole  question  of  the  power  station  design, 
size  of  feeders,  number,  size  and  cost  of  cars,  extent  of 
the  staff,  maintenance,  labour,  etc.  The  answer  to  this 
is  to  judge  the  local  conditions,  obtain  some  reliable 
data  of  the  probable  passenger  traffic  (from  generally 
already  existing  conditions),  and  the  probable  increase  ; 
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and  from  these  data  to  so  proportion  the  combination  of 
the  number  of  each  type  of  car,  large  and  small,  that 
with  the  agreed-upon  time  service  you  can  carry  the  full 
complement  of  passengers  at  all  hours  of  the  day,  with 
the  minimum  outlay  of  capital,  labour,  consumption  of 
power  and  maintenance  expenses.  In  conclusion,  the 
author  believes  there  are  very  great  possibilities  in  the 
development  of  light  railways  in  the  near  future,  also 
the  carriage  of  parcels  and  goods  traffic  by  electric 
tramway  and  railway  systems. 
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Action,  grinding,  between  flanges  of 

wheels,  3 
Advantages  of  different  sizes  of  cars, 
109 

—  of  dividing  line  into  sections,  69 

—  of    pitch   over    cement  grouting, 
43 

A  nchor  sole  plates,  30,  31 
Anchoring  of  trolley  wire,  70,  71 

—  beams,  21 

—  ear,  80,  81 

—  poles,  62 

Anchors,  setting  of,  71,  72 
Angles,  intersection  of,  2 
Arcing,  74 

Armature,  heating  of  motor,  7 
Australian  woods,  41 


"  Badger  "  mechanical  ear,  81,  82 

Ballast,  track,  37 

Ballasted  road  bed,  38 

Bar,  tie,  25 

Base  plate,  65 

Bed,  road  loundation,  21 

—  cushion  for  wood  blocks,  42 
J)locks,  wood,  fibre  cut  vertical,  42 
Bonding,  double  and  cross,  distance 

apart,  35 

—  objects  effected  by  good,  36 

—  of  rails,  32 

Bonds,  carrying  capacity,  36 

—  gauge,  36 


Bonds,  size,  35 

Bournemouth,  pavement  used,  47 

—  tramways,  particulars  of,  88 
Bowker  rail  bond,  flexible,  34,  35 
Bracket  arm  hanger,  79,  80 
Brackets,  side  arm,  54 

Branch  feeders,  69 

Branch-ofi",  single  track  right-hand,  2 

Brighton,  anchor  sole  plates,  30,  31 

—  tramways,  particulars  of,  86,  87 
Brooklyn  strain  insulator,  83 
Buckling  of  rail  flanges,  23 


Canting  of  rails,  23 

Capetown  tramways,  particulars  of, 
89 

Car,  wheel-base  of  electric,  3 

Cardiff  tramways,  particulars  of,  89, 
90 

Car-house  curves,  12,  15 

Carriage  of  parcels  and  goods.  111 

Car  shed  superintendent,  106 

Cast-iron  chairs,  37 

Catenary,  75 

Centre  line  construction,  51 

Chart  test,  99 

Choice  of  overhead  materials,  49 

—  of  size  of  tramcars,  109 

Clamp  for  soldering  ear,  73 

Clearance  curve,  2 

Combination  of  sizes  of  cars,  advan- 
tages of,  110,  111 


114 


ELECTRIC   TRAMWAYS. 


Complicated  layouts,  1 

Concrete,  composition  of,  25 

- —  foundation,  25 

Conditions  which  cover  size  of  cars, 

109,  110 
Connecting  curve  with  crossing,  11, 

12 
Constant  for  elevation  of  rails,  16 
Constants,  table  of,  17 
Construction  and  expansion  of  rails, 
16 

—  centre  and  side  line,  51,  52 

—  single  track,  2 
Copper  rail  bonds,  32 
Corporation  tramways,  management 

of,  105,  106,  107 

Bournemouth,  88 

Brighton,  86,  87 

Cardiff,  89,  90 

East  Ham,  94,  95 

—  —  Glasgow,  93,  94 
Lancaster,  87,  88 

London  United,  95,  96,  97 

Manchester,  84,  85,  86 

Portsmouth,  90,  91 

Salford,  91,  92 

Cost  of  wood  and  iron  poles,  55 

Creosoted  poles,  56 

Creosoting  wood  pavement,  41 

Crossings,  81,  82 

Cross-ties,  dimensions  of,  31 

Cross  or  span  wires,  materials  used 

for,  58 
Crossovers,  dimensions  of,  18,  19 

—  standard  long  13°  41'  frogs,  18 
15°  frogs,  19 

short  17°  frogs,  18 

Cross  wire  construction    for  double 

track,  58-60 
Curling  of  rail  flanges,  23 
Curvature,  radius  of  3,  6 
Curve  clearance,  2 
Curves,  car-house  and  gauntlet  track, 

12,15 

—  lay  out  of,  3 

—  radius  of,  3 


Curves,  sharp,  3 

Cushion  bed  for  wood  paving,  42 

sand,  40 

Cutting-in  of  rails,  23 


Depth  and  width  of  track  bed,  26 
Diagrams    of  test  connections,  100, 

101 
Diamond  turnout,  3,  4,  9 
Different  widths  of  streets,  2 
Dimensions  of    standard  crossovers, 

18,19 
Dip  and  sag,  effect  of  temperature  on, 
75 

of  wire,  75 

Distance  between  poles,  62 
Dog-toothing,  43,  44 
Double  pull-off,  80 
—  track,  2 

distance  apart  of,  1 

plain  curve,  11,  13 

R.H.  branch  off,  11,  14 


Ear,  79 

—  bodies,  location,  72 
Earthing  of  pole,  75 

East  Ham  tramways,  particulars  of, 

94,95 
Electric  car,  wheel-base  of,  3 
Electrical  circuit,  49,  50 
Electrolysis  of  pipes,  36 
Elevation  of  outside  rail,  16 
Embedding  sleepers  in  concrete,  28 
Expansion  and  contraction  of  rails, 

16 

—  joint,  43 

—  or  swelling  of  wood,  42,  43 


Factor,  power,  10 
Feeder  ear,  81,  82 

—  pillars,  101 
Feeders,  68,  69 

—  testing,  100 
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Financial    considerations    in    equip- 
ment of  cars,  109,  110 
Fish-plate  holes,  29 

—  weight  of,  31 

Flexible  rail  bond,  the  Bowker,  34, 
35 

—  wheel  bases,  20 

Formula,  Dr.  W.  G.  Ehodes',  for  track 
curves  and  wheel-base  of  trucks, 
6,7 

—  for  elevation  of  outside  rail,  16 

—  for  tests,  103,  104 
Foundation  or  foot  plate,  63 

—  concrete,  25,  26 

—  road  bed,  21 
Frogs,  10°,  8,  9 
— 13°~41',  8 

—  9°,  9 

—  locating  and  setting  of,  61 

—  or  switches,  60 

—  placing  of,  60,  61 

—  right-=hand,    left-hand,   Y,  three- 

way,  81,  82 

—  supporting  of,  60,  61 


Galvanized  wires,  disadvantage  of, 

58 
Gauge  of  track,  1 

—  variation,  1 

Gauntlet  track  curves,  12,  15 
General    manager,  qualifications  of, 

105,  106 
Glasgow    tramways,   particulars    of, 

93,94 
Globe  insulators,  83 
Gradients,  long  and  steep,  10 

—  practical  limit  of,  7 

Great  Yarmouth  Tramways,  92 

Grinding  action,  3 

Grooves,  prevent  filling  up  of  rail,  47 

—  width  of  rail,  6-7 
Grouting,  42 

—  bituminous  and  cement,  40 

—  pitch  and  cement,  43,  44 


Guarding  against  heating  error,  102 
Guard  wires,  distance   apart  of,  66, 
67 

material  and  size  of,  58 

breaking  of,  68 


Hangee,  79 

Heating  of  motor  armature,  7 
Heaviness  of  street  traffic,  29 
Height  of  trolley  wire,  75 
Holes,  depth  of,  63 


Increase  and  decrease  of  tempera- 
ture, 16 

Insulated  turnbuckle,  83 

Insulating  terminal  clamp,  82 

Insulator  section,  78,  79 

Intersection  of  angles,  2 

Iron  slings,  71 

Isle  of  Thanet  Tramways,  particulars 
of,  95 


Jarrah  wood  for  paving,  41 
Jim  crow  or  screw  jack.  32 
Joints  between  blocks,  42 
Joint-spacing,  14 
Jolting  and  vibration,  10 
Jumping  the  trolley  wire,  59,  60 


Karri  wood,  41 


Labour  cost  of  running  cars,  109 
Lancaster,  anchor  sole  plates,  30,  32, 

33 
—  Tramways,  particulars  of,  87,  88 
Laws  for  strain,  tension,  etc.,  75-77 
Laying  out  of  curves,  3 
of  permanent  way,  1 


ii6 


ELECTRIC   TRAMWAYS. 


Layouts,  complicated,  1 
Left-hand  end,  8,  9 

frog,  81,  82 

throw-over  turnout,  3,  5 

Length  and  weight  of  rails,  29 

—  between  points  of  support,  75 

—  of  ears,  74 

—  of  turnouts,  12,  13 
Light  railway,  1 

—  railway  construction,  55 
Limit  of  gradients,  7 

—  of  gradient  for  wood  paving,  45 
Limits  of  radii,  19 

—  of  wheel-base,  3 

Line,  distance  apart  of  sections,  68 
Localising  faults   on  tramways,  99- 

105 
Locating  position  of  frogs,  61 
London  United  Tramways,  particulars 

of,  95-97 
Loose  joints  due  to  vibration,  21 


Maintenance  cost  kept  low,  107 

—  expenses,  108,  109 

—  of  rolling  stock,  10 

—  of  tramways,  etc.,  106-108 
Management  of  tramways,  105-107 
Manchester  Tramways,  particulars  of, 

84-86 
Map  for  tests,  101 
Mate,  8,  9 

Maximum  revenue  return,  105 
Methods  of    staying    and   strutting, 

54-56 
Minimum  of  expenditure,  105 

—  outlay  of  capital,  111 
Motor  men,  instruction  of,  107 


Outer  rail,  raising  of,  20 
Overhead  trolley  wire  material,  56 

—  equipment  materials,  49 

—  wire  superintendent,  106 


Parabola,  75 

Paving,  Jarrah  and  Karri  woods,  41 

—  material,  selection  of,  38 

squeegeed,  45,  46 

Pavement,  advantages  of  granite,  39 

—  depth,  length  and  breadth,  39 

—  wood  blocks,  28 

Plain  curve,  single  track,  2 
Permanent  way  inspection,  etc.,  107, 
108 

laying  out,  1 

Pilot  wires,  99,  104 
Plain  Y,  10 
Plastic  rail  bond,  34 
Plate  for  pole  bottom,  63 
Plates,  tie,  23,  24 
Poles,  distance  apart,  62 

—  planting  of,  63,  64 

—  rake  of,  64 

—  rearing  of,  64 

—  setting  of,  63,  64 
Portable  rail  carriage,  29,  30 
Possibilities  in  development  of  light 

railways.  111 
Poles,  iron,  56,  57 

—  wood  and  iron,  54 
Polygon,  58 

Portsmouth  Tramways,  particulars  of, 

90,  91 
Power  factor,  10 
Practical  limits  of  gradients,  7 

of  wheel-base,  3 

Preparation  of  setts,  40 
"  Proud  "  with  rails,  45 


Racking,  42 

Radii  of  curvature,  8,  9 

Radius,  effects  of  different  limits  of,  19 

—  of  curvature,  3,  6 

Rail  bed  foundation,  concrete,  24,  25 

—  bonding,  32,  33 

—  bonds,  Bowker  flexible,  34,  35 
Chicago,  34 

Columbia,  34 

Neptune,  34 
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Ri  '  carriage,  portable,  29,  30 

—  .  ""ects  of  sand  on,  19 

—  fi  lling,  36 

—  f  anges,  buckling  and  curling   of, 

23 

—  grooves  to  prevent  filling,  47 
width  of,  6,  7 

Hails,  elevation  of,  16 

—  expansion  and  contraction,  16 

—  exposed  and  partially  exposed,  16 

—  kinks  in,  32 

—  length  and  weight  of,  29 

—  levelling,   setting    and    ramming, 

32 
— .  raising  of  outer,  20 

—  rolling  or  canting  of,  23 

—  spreading  of,  23 

—  tilting  of,  21 

—  tread  of,  45,  46 

—  undulation  of,  21 

—  weight  of,  13 

—  welding,  36 
Eaising  of  outer  rail,  20 
Eake  of  poles,  64 
Rearing  of  poles,  64 

Relation  between  wheel-base  and 
radius  of  curvature,  7 

Resistance  to  traction,  19 

Return  circuit,  50 

through  the  rails,  33 

Rhodes,  Dr.  W.  G.,  formula  connect- 
ing curves  and  wheel  base,  6,  7 

Right-hand  branch-off  single  track,  2 

frog,  81,  82 

end,  8,  9 

throw-over  turnout,  3,  5 

Road  bed  foundation,  21 

Rolling  stock,  overhauling,  107 

Rule  for  rake  of  poles,  64 


Safeguard  of  moving  mass,  20 
Sag  and  dip  of  wire,  75 
—  iu  inches,  table  of,  78 


Salford  Tramways,  particulars  of,  91, 

92 
Sand,  effects  of,  on  rails,  19 
Screw  jack  or  jim  crow,  32 
Section  insulator,  78,  79 
Sections  of  line,  68 
Setting  of  anchors,  71,  72 

—  of  rails,  31,  32 

—  of  frogs,  61 
Sharp  curves,  3 
Shingle,  40 

Side  arm  brackets,  54 

—  line  construction,  51,  52 

—  pole  construction,  53 

—  turnout,  3,  4,  8,  9 
Silicon-bronze  wire,  56 

advantages  of,  58 

Single  pull-off,  80 

—  track  construction,  2 
plain  curve,  2 

right-hand  branch-off,  2 

Size  of  span  wires,  65 
Sizes  of  pavement,  39 

—  of  tramcars,  109 
Skin  strength  of  wire,  74 
Sleepers,  cutting  in,  23 

—  effects  of  moisture,  23 

—  on  ties,  wooden,  24 

—  wooden,  22,  23 
Slings  of  iron,  71 
Soldering  of  wire  to  ear,  73 
Sole-plates,  21,  30,  31 

—  steel,  31 

Spacing  of  rail  joints,  14 
Span  wire  construction,  53 

—  or  cross  wires,  materials  used  for, 
58 

—  wires,  grip,  79 

size  of,  65 

Specialists  on  tramways,  107 
Specification  of  paving,  40,  41 
Speeds,  table  of,  17 
Splicing  ear,  81,  82 

Spring  bridge  insulator,  80 
Standard  crossover  15°  frog,  19 

—  long  crossover,  18 
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Standard  short  crossover,  18 
Staying  and  strutting  of  wood  poles, 

54-56 
Steel  girder  type  of  track,  13 

—  sole  plates,  31 

Straight  line  insulator,  79-81 
Strain  of  trolley  wire,  51,  52 

—  on  motors,  10 
Straining  clamps,  71,  82 
Street  boxes  and  switches,  69 

—  paving  tools,  48 

—  trafiSc,  heaviness  of,  29 
Streets,  different  widths,  2 
Switch,  tongue,  3,  4,  5,  8,  9 
Switches  and  street  boxes,  69 
System  of  light  railway  traction,  1 


Table  of  constants,  17 

—  of  sag  in  inches,  78 

—  of  speeds,  17 

—  of  tensions,  78 

Temperature,  effects  of,  on  rails,  16 
Tensile  strain,  calculation  of,  75-77 
Tension  in  pounds,  table  of,  78 
Tensioning  of  wires,  66 

Testing  of  tramways,  99-105 

Three-part  Y,  H 

Through  Y,  H 

Through-connected  Yj  H  •' 

Tie-bar,  25 

Tie-bars,  distance  apart,  31 

Tie-plate,  23,  24 

Tie  plates,  24 

Ties,  wooden,  22,  23 

—  cutting  in  of  rails,  23 

—  moisture  effects,  23 
Tilting  of  rails,  21 
Tongue  switch,  3,  4,  5,  8-12 
Tower  wagon,  71 

Track,  ballasting,  37 

—  bed,  depth  and  width  of,  26 

—  curves  and    wheel  base  formula, 

Dr.  llhodes',  6,  7 

—  double,  2 


Track,  double,  distance  apart  of,  1 

—  gauge  of,  1 

—  rail,  steel  girder  type,  13 
weight  of,  13 

Traffic  superintendent,  duties  of,  106 
Tramcars,  choice  of  sizes,  109 
Traction  resistance,  19 

—  system,  1 

Tractive  force  kept  low,  108 
Tread  of  rails,  45,  46 
Trolley  line,  height  of,  75 

—  wheel,  wear  of,  52 

—  wire  curves,  59,  60 

composition  of,  56 

• size  of,  57 

Turnbuckles,  52,  74 
Turnouts,  diamond,  3 

—  left-hand  throw-over,  3 

—  right-hand  throw-over,  3 

—  side,  3 

Twist  or  torsion  of  wire,  73 


Underground  system  of  feeders,  69 


Wagon  tower,  71 

Wallasey  Tramways,  particulars  of, 

92,  93 
Wear  of  trolley  wire,  57 

wheel,  52 

wood  blocks,  42 

Weight  and  length  of  rails,  29 

—  of  track  rail,  13 
Wheel  base  of  electric  car,  3 

practical  limits  of,  3 

Wheel-bases,  flexible,  20 

and  track  curve.  Dr.  Rhodes' 

formula,  6,  7 
Width  and  depth  of  track  bed,  26 

—  of  grooves,  6,  7 
Widths  of  different  streets,  2 

Wire,  hard  drawn  copper  and  silicon- 
bronze,  56 
Wires,  guard,  66,  67 

—  tensioning  of,  66 
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Wood  blocks,  wear  of,  42 

—  paving  insanitary,  45 

—  poles,  standard  shapes,  56 

staying  and  strutting,  54-56 

Wooden  block  pavement,  28 

—  sleepers  or  ties,  22,  23,  24 


Wooden   sleepers  embedded  in  con- 
crete, 28 
Woods,  Australian,  41 

—  creosoting  of,  41 

—  Jarrah,  41 

—  Karri,  41 
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HosKiNS.     Seventh  edition,  fcap.  Hvo       ...  ...  i      6 

A  Handbook  of  Formulae,  Tables,  and  Memo- 
randa, for  Architectural  Survej^ors  and  others 
engaged  in  Building.  By  J.  T.  Hurst.  Fifteenth 
edition,  512  pp.  ro3^al  321110,  roan  ...  ...  ...  5     o 

Quantity    Surveying.       By  J.    Leaning.       Fourth 

edition,  68  illus.  563  pp.  Svo  ...  ...  ...  15     o 

A  Complete  Set  of"  Contract   Documents  for  a 

Country  Lodge.     By  J.  Leaning.     Fcap.,  in  case  5     o 

Specifications    in     Detail.       By    F,    W.     Macey. 

2,000  illus.  600  pp.  medium  8vo     ...  ...  ...      i      i      o 

Obstruction  to  Light.  A  Graphic  Method  of 
determining  Problems  of  Ancient  Lights.  By 
H.  B.  Molesworth.     g  folding  plates,  4to         net  6     o 

Roman  Architecture,  Sculpture  and  Ornament. 

By  G.  B.  Piranesi.  200  plates,  reproduced  in 
facsimile  from  the  original.  Liiperial  folio,  half 
moiocco  ...  ..  ...  ...  ...  •■•     5     5     o 

The    Seven    Periods    of    English    Architecture, 

defined   and   illustrated.     By  E,   Sharpe.     Third 

edition,  20  plates,  royal  8vo  ...  ...  ...  12     6 

Spons'  Architects'    and    Builders'    Price    Book. 

B}^  W.  Young.    Edited  by  Clyde  Young.  440  pp. 

crown  Svo,  published  annually       ...  ...  ...  3     6 

Our   Factories,    Workshops    and    Warehouses, 

their  Sanitary  and  Fire-Resisting  Arrangements. 
By  B.  H.  Thwaite.     183  illus.  crown  Svo  ...  g     o 

A  2 


E.   &   F.   N.   SPON,  Limited. 


Elementary    Principles    of   Carpentry.       By    T. 

Tredgold    and   J.    T.    Hurst.       Tenth    edition, 

48  plates,  crown  8vo  ...  ...  ...  ...  12     6 

Practical   Stair   Building  and   Handrailing.     By 

W.  H.  Wood.     32  plates,  crown  4to        ...  ...  10     6 
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Guns  and   Gun   Making  Material.      By  G.  Ede. 

Crown  8vo       ...  ...  ...  ...  ...  ...  6     o 

Internal  Ballistics.     By  J.  A.  Longridge.     8vo     ...         18    o 

Treatise  on  Application  of  Wire  to  Construction 

of  Ordnance.     B3'  J.  A.  Longridge.     8vo      ...     150 

The  Progress  of  Artillery  :  Naval  Guns.    By  J.  A. 

Longridge.     8vo,  sewed      ...  ...  ...  ...  2     o 

The  Field  Gun  of  the  Future.      By  J.  A.  Long- 
ridge.    8vo,  sewed   ...  ...  ...  ...  ...  2     6 


BRIDGES,   ROOFS,   ETC. 

strains  in  Ironwork.      By  Henry  Adams.      Third 

edition,  8  plates,  crown  8vo  ...  ...  ...  5     o 

The  Practical  Designing  of  Structural  Ironwork. 

By  Henry  Ad.\ms.      13  plates,  8vo  ...  ...  8     6 

Designing  Ironwork.  By  Henry  Ad.'^ms.  Second 
series.     8vo,  sewed. 

Part      L     A  Steel  Box  Girder i     6 

,,      H.     Built-up  Steel  Stanchions    ...  2     6 

,,    III.     Cisterns  and  Tanks   ...  ...  2     o 

A  Practical  Treatise  on  Segmental  and  Elliptical 
Oblique  or  Skew  Arches.  By  G.  J.  Bell. 
17  plates,  ro3'al  8vo  ...  ...  ...  ...  net     i      i     o 

Economics  of  Construction  in  relation  to  Framed 
Structures.  By  R.  H.  Bow.  Third  thousand, 
16  plates,  8vo  ...  ...  ...  ...  ...  5     o 
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Theory  of  Steel-Concrete  Arches  and  of  Vaulted 

Structures.      By  W.  Cain.       Second  edition,   24 

illus.  181  pp.  i8mo,  boards.     (New  York)  ...         net  2     o 

The  Art  of  Constructing  Oblique  Arches   with 

Spiral  Courses.     By  W.  Donaldson.     8vo  ...  4     o 

New  Formulae  for  the  Loads  and  Deflections  of 

Solid    Beams  and   Girders.      By  W.   Uonaluson. 
_  Second  edition,  8vo  ...  ...  ...  ...  ...  4     6 

Plate    Girder    Railway    Bridges.      By   M.    Fitz- 

MAUKicE.     4  plates,  8vo        ...  ...  ...  ...  6     o 

Pocket   Book    of  Calculations    in    Stresses.     By 

E.  M.  George.     66  illus.  royal  32mo,  half  roan...  3     6 

Estimates  and    Diagrams  of  Railway   Bridges. 

By  J.  \V.  Grovf.r.     Second  edition,  37  plates,  folio      i    11      6 

Iron  and  Timber   Railway  Superstructures  and 

General  Works.      By  J.  \V.  Grovkr.      Folio       ...      220 

Strains  on  Braced  Iron  Arches  and  Arched  Iron 

Bridges.      By  A.  S.  Heaforu.     8vo  ...  ...  6     o 

Stresses  in  Girder  and  Roof  Frames,  for  both 
dead  and  live  loads,  by  simple  Multiplication, 
etc.     By  F.  R,  Johnson.     28  plates,  crown  Svo...  6     o 

A    Graphical    Method    for   Swing    Bridges.     By 

B.   F.   La   Rue.      i8mo,  boards.     [Ne7i.'  York)     net  2     o 

Notes  on  Cylinder   Bridge   Piers   and  the  Well 

System  of  Foundations.     By  J.  Newman.     Svo  6     o 

A  New  Method  of  Graphic  Statics  applied  in  the 
Construction  of  Wrought  Iron  Girders.  By  E. 
Olander.      16  plates,  small  folio    ... 

Elementary  Theory  and  Calculation  of  Iron 
Bridges  and  Roofs.  By  A.  Ritter.  Trans- 
lated from  the  Third  German  edition  by  H.  R. 
Sankey.     500  diagrams,  Svo 

The  Strength  and  Proportion  of  Riveted  Joints. 

By  B.  B.  Stoney.     Svo 
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CIYIL  ENGINEERING. 

Irrigation,  Surveying,  Waterworks,  etc. 

Design  and  Construction  of  Dock  Walls.    By  J.  R. 

Allf.n.      i6  plates,  crown  4to         ...  ...  ...  6     o 

Notes  on  Instruments  best  suited  for  Engineering 
Field  Work  in  India  and  the  Colonies.  By 
W.  G.  Bligh.     65  illus.  8vo  7     6 

Irrigation  Works  in  India  and  Egypt.    By  R.  B. 

Buckley.     93  plates,  imperial  Svo  3     3° 

The  Maintenance  of  Macadamised  Roads.     By 

T.  CoDRiNGTON.     Second  edition,  8vo      ...  ...  76 

The    Barometrical     Determination    of    Heights. 

By  F.  J.  B.  CoRDEiRO.      Crown  Svo,  limp  leather  4     6 

On  Curved  Masonry  Dams.    By  W.  B.  Coventry. 

8vo,  sewed       ...  ...  ••■  •••  •••  •••  2     o 

A  Practical  Method  of  Determining  the  Profile 
of  a  Masonry  Dam.  By  W.  B.  Coventry. 
Svo,  sewed       ...  ...  ...  ...  ...  ...  2     6 

The  Stresses  on  Masonry  Dams  (oblique  sections). 

By  W.  B.  Coventry.      Svo,  sewed  ...  ...  20 

Tables  for  facilitating  the  Calculation  of  Earth- 
works.    By  D.  Cunningham.     Royal  Svo  ...  10     6 

Irrigated  India.     By  Hon.  Alfred  Deakin.     With 

Map,  Svo         8     6 

A   Chronology   of   Inland    Navigation  in    Great 

Bntani.      By  H.  R.  De   Salis.     Crown  Svo       ...  46 

High  Masonry  Dams.     By  E.  S.  Gould.     iSmo, 

boards.     [Neic'  York) net  2     o 

Railway    Tunnelling    in    Heavy    Ground.      By    C. 

(}riim'K1^     3  plates,  royal  Svo         ...  ...  ...  7     6 

Levelling  and  its   General  Application.      By  T. 

HoLLOWAY.     Second  edition,  53  illus.  Svo  ...  5     o 

Waterways    and    Water    Transport   in    different 

Countries.      By  J.  S.  Jeans.     55  illus.  Svo  ...  14     o 
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Aid   Book   to   Engineering   Enterprise.     By   E. 

Mathhson.    Third  edition,  medium  8vo,  buckram      140 

Matheson  &  Grant's   Handbook  for  Engineers. 

Second  edition,  royal  32mo,  sewed,  gilt  edges    ...  2     o 

Land    and    Engineering    Surveying.      By  H.  S. 

Merrett.     Fifth  edition,  41  plates,  royal  8vo   ...  126 

A  Treatise  on  Surveying.     By  R.  E.  Middleton 
and  O.  Chauwick.     Royal  8vo. 

Part    I.      II  plates,  296  pp.  ...  ...  10     6 

,,    II.      Fully  illustrated,  334  pp.  ...  10     6 

A  Pocket  Book  of  Useful  Formulae  and  Memo- 
randa, for  Civil  and  Mechanical  Engineers.  By 
Sir  G.  L.  MoLESwoRTH  and  H.  B.  Molesworth. 
Twenty-fourth  edition,  32mo,  roan,  gilt  edges    ...  6     o 

The  Pocket  Books  of  Sir  G.  L.  Molesworth  and 

J.  T.  Hurst,  printed  on    India  paper  and  bound 

in  one  vol.     Royal  32nio,  russia,  gilt  edges         ...  126 

Metallic  Structures :  Corrosion  and  Fouling  and 

their  Prevention.     By  J.  Newman.    Crown  8vo  9     o 

Earthwork    Slips    and    Subsidences    on    Public 

Works.     By  J.  Newman.     Crown  8vo      ...  ...  7     6 

Land    Surveying    on    the    Meridian    and    Perpen 

dicular  System.     By  W.  Penman.       2  plates,  8vo  8     6 

Diagrams  for  the  Graphic  Calculation  of  Earth- 
work Quantities.  By  A.  H.  Roberts.  Ten 
cards,  fcap.,  in  cloth  case    ...  ...  ...  net  10     6 

Spons'  Dictionary  of  Engineering,  Civil,  Mechani- 
cal, Military  and  Naval.  10,000  illus.  4,300  pp. 
super  ro}.al  8vo. 

Complete  with  Supplement,  in  1 1  divisions...     7     S     6 
Ditto         ditto     in  4  vols.    ...  ...  ...750 

Ditto         ditto     half  nior.,  top  edge  gilt       ...      900 

Surveying  and  Levelling  Instruments.    By  W.  F. 

Stanley.     Third  edition,  372  illus.  crown  8vo   ...  7     6 

Surcharged  and  different   Forms  of   Retaining 

W^alls.      By  J.  S.  Tate.     8vo,  sewed       ...  ...  2     o 

Hints    on     Levelling    Operations.      By   W.   H. 

Wells.     Second  edition,  8vo,  sewed       ...  ...  i     o 
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The    Drainage    of   Fens    and    Low    Lands    by 

Gravitation     and     Steam     Power.       By    \V.     H 
Wheeler.     8  plates,  8vo     ... 

Egyptian  Irrigation.  By  Sir  W.  Willcocks 
Second  edition,  46  plates,  super-royal  8vo 

The  Nile  Reservoir  Dam  at  Assuan,  and  After 
By  Sir  VV.  Willcocks.  Second  edition,  13  plates, 
super-royal  8vo  ...  ...  ...  ...         net 
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Practical  Hints  on  Taking  a  House.     By  H.  P. 

BouLNois.      iSmo 

Cleaning  and  Scouring.  By  S.  Christopher. 
i8mo,  sewed   ... 

The  Cooking  Range,  its  Failings  and  Remedies. 
By  F.  DvE.      Fcap.  8vo,  sewed 

Home  Building  and  Furnishing.  By  W.  L.  Price 
and  W.  M.  Johnson.  160  illus.  139  pp.  cr.  8vo. 
{New  York)       ...  ...  ...  ...  ...         net 

The    Gas    Consumer's    Handy    Book.      By   W. 

Richards.     i8mo,  sewed     ... 

Spons'  Household  Manual.      250  illus.    1,043   PP- 

demy  8vo 

Ditto  ditto  half-bound    French 

morocco 

Handbook  of  Sanitary  Information  for  House- 
holders.    By  R.  S.  Tracy.     i8ino.     (^6'?*^'  York)... 


I 

6 

6 

6 

5 

0 

6 

7 

6 

9 

0 

2 

6 

DRAWING. 

The  Ornamental  Penman's,  Engraver's  and  Sign 
Writer's  Pocket  Book  of  Alphabets.  By  B. 
Alexander.      Oblong  121110,  sewed 

The  Draughtsman's  Handbook  of  Plan  and  Map 
Drawing.    By  G.  G.  Andre.    34  plates,  crown  4to 
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Slide  Valve  Diagrams :  a  French  Method  for  their 
Construction.  By  L.  Bankson.  i8mo,  boards. 
{New  York)       ...  ...  ...  ...  ...         net  2     o 

Elementary  Treatise  on  Orthographic  Projec- 
tion. By  W.  BiNNs.  Thirteenth  edition,  23 
plates,  8vo       ...  ..  ...  ...  ...  ...  9     o 

Second  Course  of  Orthographic  Projection.     By 

W.  BiNNs.     Fourth  edition,  23  plates,  8vo         ...  10     6 

A  System  of  Easy  Lettering.    By  J.  H.  Cromwell. 

Fourth  thousand,  oblong  8vo.     [New  York)         net  2     o 

Twelve  Plates   on    Projection    Drawing.     By  O. 

GuETH.     Oblong  4to  ...  ...  ...         net  3     o 

A  First  Course  of  Mechanical  Drawing  (Tracing). 

By  G.  Halliday.     Oblong  4to,  sewed      ...  ...  2     o 

Mathematical  Drawing  Instruments.     By  W.  F. 

Stanley.     Seventh  edition,  illustrated,  crown  8vo  5     o 


ELECTRICAL  ENGINEERING. 

Telephony.     By  A.  V.  Abbott.     8vo.     [New  York.) 
Part   I.     Location  of  Central  Offices.      33  illus. 

170  pp.  ...  ...  ...         net  4     6 

Part  2.     Construction  of  Underground  Conduits. 

62  illus.  190  pp.       ...  ...         net  4     6 

Part   3.     The  Cable  Plant.  51  illus.  152  pp.    net  4     6 

Part  4.  Open  Wire  Lines.  In  the  Press. 
Part  5.  The  Sub- Stations.  In  the  Press. 
Part  6.     Switchboards  and  Central  Office. 

In  the  Press. 

Electric    Bell    Construction.      By  F.  C.  Allsop. 

Second  edition,  177  illus.  crown  8vo         ...  ...  36 

Induction    Coils   and   Coil    Making.      By  F.   C. 

Allsop.     Fourth  edition,  125  illus.  crown  8vo   ...  3     6 

Practical  Electric  Bell  Fitting.    By  F.  C.  Allsop. 

Tenth  edition,  186  illus.  crown  8vo  ...  ...  3     6 

Telephones  :    their   Construction  and    Fitting.       By 

F.  C.  Allsop.     Sixth  edition,  156  illus.  crown  8vo  3     6 
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Thermo-electric  Reactions  and  Currents  between 
Metals  in  Fused  Salts.  By  T.  Andrews.  8vo, 
sewed  ...  ...  ...  ...  ...  ...  ...  i     o 

The  Alternating  Current  Transformer.     By  F.  G. 

Baum.      122  illus.  195  pp.  8vo.     [New  York)        net 

The  Induction  Motor.   By  B.  A.  Behrend.   55  illus. 

105  pp.  Svo.     [New  Yoyk)      ...  ...  ...         net  6     6 

Electric  Power  Transmission.  By  L.  Bell. 
Third  edition,  285  illus.  and  21  full-page  plates, 
632  pp.  demy  8vo.     {New  York)       ...  ...         net  12     6 

Power  Distribution  for  Electric  Railroads.      By 

L.  Bell.      Third  edition,  148  illus.  303  pp.  8vo. 

{Neiv  Yovk)        ,..  ...  ...  ...  ...         net         10     6 

Electric    Lighting  :    A  Practical    Exposition  of  the 

Art.   By  F.  B.  Crocker.    Royal  8vo.    [New  Yovk.) 

Vol.   I.     The  Generating  Plant.    152  illus. 

444  PP 12     6 

Vol.     II.       Distributing     Systems     and 

Lamps.     391  illus.  505  pp.        ...         ...         12    6 

Alternating   Current    Wiring   and    Distribution. 

By   W.   L.   Emmett.      Second  edition,   33   illus. 

95  pp.  i2mo.      {New  Yovk)   ...  ...  ...         net  4     6 

A   History   of  Electric   Telegraphy  to   the   year 

1837.     By  J.  J.  Fahie.     Crown  8vo  ...  ...  9     o 

Magnets    and     Electric     Currents.      By    J.     A. 

Fleming.       Second     edition,    136    illus.    417    pp. 

crown  8vo       ...  ...  ...  ...  ...         net  5     o 

Electrical   Engineers'  Pocket   Book.     By  H.  A. 

Foster.      1,000  pp.  fcap.  8vo,  morocco  flap,  gilt 

edges.     {New  Yovk)     ...  ...  ...  ...  net     i      i     o 

Electricity  and  Magnetism.  By  E.  Gerard.  Trans- 
lated from  the  fourth  French  edition  by  R.  C. 
Duncan.     112  illus.  392  pp.  8vo.     {New  Yovk)    net         10     6 

Notes  on  Design  of  Small  Dynamo.     By  George 

Hallidav.     Second  edition,  8  plates,  Svo  ...  2     6 

Modern    Electric    Railway    Motors.      By  G.   T. 

Hanchette.     156  illus.  200  pp.  8vo.     {New  Yovk) 

net  8     6 
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Transformers :  their  Theory,  Construction.,  and 
Application  simpHfied.  By  C.  D.  Haskins. 
38  illus.  crown  8vo.     (Neit)  York)    ...  ...  ...  4     6 

The  PhcEnix  Fire  Office  Rules  for  Electric  Light 
and  Electrical  Power  Installations.  By  M. 
Heaphy.     Twenty-sixth  edition,  8vo,  sewed       ...  6 

American  Electric  Street  Railways :  their  Con- 
struction and  Equipment.  By  K.  Hedges. 
200  illus.  post  4to      ...  ...  ...  ...  ...  12     6 

Practical  Electric  Railway  Handbook.    By  A.  B. 

Herrick.     344  illus.  407  pp.  crown  8vo.  leather. 

[New  York)       ...  ...  ...  ...  ...         net  12     6 

Testing  Telegraph  Cables.     By  Colonel  V.  Hos- 

KicER.     Third  edition,  crown  8vo  ...  ...  ...  4     6 

Electrical  Engineering  Leaflets.  By  E.  J.  Houston 
and  A.  E.  Kennelly.     Crown  8vo.     {Neii/  York.) 

Elementary.     140  illus.  300  pp.  ...         net  6     6 

Intermediate.     140  illus.  300  pp.         ...         net  6     6 

Advanced.     124  illus.  300  pp.    ...  ...         net  6     6 

Electricity  made  Easy  by  simple  language  and 
copious  illustration.  By  E.  J.  Houston  and 
A.  E.  Kennelly.  207  illus.  348  pp.  crown  8vo. 
(Ne-ic  York)       ...  ...  ...  ...  ...         net  6     6 

Recent  Types   of  Dynamo-Electric   Machinery. 

By   E.  J.    Houston  and  A.  E.   Kennelly.     600 

illus.  612  pp.  royal  8vo.     [New  York)  ...         net  17     o 

The  Magneto-Hand  Telephone.     By  N.  Hughes. 

Square  i6mo.     [Nen'  York)  ...  ...  ...  ...  3     6 

General  Rules  recommended  for  Wiring  for  the 

Supply  of   Electrical    Energy.     Issued   by   The 
Institution    of    Electrical    Engineers.     8vo, 
sewed...  ...  ...  ...  ...  ...         net  6 

Ditto         ditto     cloth  ...  ...  ...  ...         nei  i     o 

Form  of  Model  General  Conditions.  Recom- 
mended by  the  Institution  of  Electrical 
Engineers  for  use  in  connection  with  Electrical 
Contracts.     8vo,  sewed        ...  ...  ...         net  1     o 

A   Handbook   of  Electrical  Testing.     By  H.  R. 

Kempe.     Sixth  edition,  238  illus.  demy  8vo        ...  18     o 
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Application  of  Electricity  to  Railway  Working. 

B)'  \V.  E.  Langdon.     142  illus.  Mvo  ...  ...  10     6 

The  Induction  Motor,  its  Theor}'  and  Design.  By 
H.  Boy  de  la  Tour.  Translated  by  C.  O. 
Mailloux.     75  illus.  227  pp.  8vo.     [Neiv  York)  net         10     6 

Storage    Battery    Engineering.      By  L.  Lyndon. 

381  illus.  380  pp.  royal  8vo.     {Nf7e'  York)...         vet  12     6 

Electric    Lighting   Specifications   for  the   use  of 

Engineers  and   Architects.     By  E.   A.   Merrill, 

Second -edition,  213  pp.  cr.  8vo.     (A'^^a^'   York)     net  6     6 

Induction     Coils.      By   H.    T.    Norrie.      Second 

edition,  79  illus.  crown  Svo.     [New  York)...  net  4     6 

Electric  Gas  Lighting.     By  H.  T.  Norrie.     121110 

[New  York)       ...  ...  ...  ...  ...         net  20 

Shop  and  Road  Testing  of  Dynamos  and  Motors. 
B}'  E.  C.  Parham  and  J.  C.  Shedd.  211  illus. 
639  pp.  Svo.     [New  York)      ...  ...  ...         net         10     6 

Systematic  Treatise  on  Electrical  Measurements. 

By  H.  C.  Parker.     8vo.     [Neio  York)       46 

Electrical  Designs.  B3^  C.  H.  Poole  and  others. 
Reprinted  from  the  '  American  Electrician.'  289 
illus.  262  pp.  8vo.     [New  York)        ...  ...         net  8     6 

Practical     Electrics :     a    Universal    Handybook   on 

Every  Day  Electrical  Matters.  Sixth  edition,  8vo  3     6 

Electrical   Engineers'  and  Students'  Chart  and 

Handbook  of  the  Brush  Arc  Light  System.     By 

H.  C.  Reagan.     8vo.     [Neii'  York) 46 

Electrical  Catechism.     By  G.  D.  Shepardson.   331 

illus.  403  pp.  demy  Svo.     [Nejci  York)         ...         net  8     6 

Electricity:  its  Theory,  Sources  and  Applications. 
By  J.  T.  Sprague.  Third  edition,  109  illus. 
658  pp.  crown  Svo     ...  ...  ...  ...  ...  15     o 

Theoretical  Elements  of  Electrical  Engineering. 

By  C.  P.  Steinmetz.     Second  edition,  144  illus. 

330  pp.  Svo.     [Newi  York)      ...  ...  ...         net         10     6 

Telegraphic    Connections.       By    C.    Thom    and 

W.  H.  Jones.     20  plates,  oblong  Svo.    (New  York)  7     6 
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Rbntgen  Rays  and  Phenomena  of  the  Anode  and 
Cathode.  By  E.  P.  Thompson  and  W.  A. 
Anthony.     105  ilhis.  Svo.     [Neiv  York)     ...  ...  76 

Dynamo    Electric    Machinery.      By   Prof.    S.   P. 

Thompson.     Sez>cnth  edition  in  preparation. 

Design  of  Dynamos  (Continuous  Currents).  By 
Prof.  S.  P.  Thompson.  4  coloured  and  8  folding 
plates,  243  pp.  demy  Svo      ...  ...  ...  net  12     o 

Schedules  for  Dynamo  Design,  issued  with  the 
above.    6d.  each,  or  45.  per  doz.,  or  1S5.  per  100  net 

Electro-Magnet  and  Electro  Magnetic  Mechanism. 
B}^  Prof.  S.  P.  Thompson.    Third  edition  in  the  Press 

Philipp  Reis,  Inventor  of  the  Telephone :  a  Bio- 
graphical Sketch.  By  Prof.  S.  P.  Thompson. 
Svo,  cloth        ...  ...  ...  ...  ...  ...  7     6 

Polyphase    Electric    Currents  and  Alternate  Cur- 
rent    Motors.         By    Prof.     S.     P.     Thompson 
Second  edition,  g  coloured  and  S  folding  plates 
demy  Svo 

Electrical  Tables  and  Memoranda.     By  Prof.  S.  P 
Thompson    and    E.   Thomas.      64mo,    roan,   gilt 
edges    ... 
Ditto         ditto,  in  celluloid  case     ... 

Problems  in  Electricity.  A  Graduated  Collection 
comprising  all  branches  of  Electrical  Science. 
By  R.  Weber.  Translated  from  the  French  by 
E.  A.  O'Keefe.     34  illus.  366  pp.  crown  Svo    net  7     6 

Practical  Calculation  of  Dynamo-Electric  Machines 

(Continuous  Current  Machinery).  By  A.  E. 
Wiener.  Second  edition,  381  illus.  727  pp. 
royal  Svo.     [New  York)         ...  ...  ...         net  12     6 


GAS    &    OIL    ENGINES. 


The  Theory  of  the  Gas  Engine.  By  D.  Clerk. 
Second  edition  edited  by  F.  E.  I  dell.  iSmo, 
boards.     {New  York)      ...  ...  ...  ...     net 
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The  Design  and  Construction  of  Oil   Engines. 

By  A.  H.  (toldingham.   Crown  8vo.   (New  York)  tiet  6     o 

Practical  Hand-Book  on  the  Care  and  Manage- 
ment of  Gas  Engines.  By  G.  Lifxkfeld. 
Third  edition,  square  161110.     [Neiv  York) ...  ...  3     6 

Gas  and  Petroleum  Engines.  A  Manual  for  Stu- 
dents and  Engineers.  (Finsbury  Technical 
Manual.)  By  Prof.  W.  Robinson.  Second 
edition,  474  illus.  950  pp.  demy  8vo  ...         net     i      i     o 


GAS  LIGHTING. 

Gas  Analyst's  Manual  (incorporating  Hartley's 
"Gas  Analyst's  Manual"  and  "Gas  Measure- 
ment ").  By  J.  Abady.  102  illustrations,  576 
pp.,  demy  8vo  ...  ...  ...  ...         net         18     o 

Illuminating  and    Heating   Gas.      A   Manual  of 

Manufacture  of   Gas    from    Tar,    Oil,    etc.       By 

W.  Burns.     Crown  8vo       ...  ...  ...  ...  5     o 

Lighting   by   Acetylene.      By   F.   Dye.    75  illus. 

200  pp.  crown  8vo     ...  ...  ...  ...  net  6     o 

Gas  Lighting  and  Gas  Fitting.    By  W.  P.  Gerhard. 

Second  edition,  i8mo,  boards.     (Nejii  York)        net  2     o 

A  Treatise  on  the  Comparative  Commercial 
Values  of  Gas  Coals  and  Cannels.     By  D.  A. 

Graham.     8vo  ...  ...  ...  ...  ...  46 

The  Gas  Engineer's  Laboratory  Handbook.    By 

J.    Hornby.       Second    edition,   69  illus.  328  pp. 

crown  8vo        ...  ...  ...  ...  ...         net  6     o 

Manual    for    Gas    Engineering    Students.      By 

D.  Lee.     i8mo  ...  ...  ...  ...  ...  i     o 

Practical  Treatise  on  the  Manufacture  and 
Distribution  of  Coal  Gas.  By  W.  Richards. 
Demy  4to         ...  ...  ...  ...  ...  ...180 

A  Comparison  of  the  English  and  French 
Methods  of  Ascertaining  the  Illuminating 
Power  of  Coal  Gas.  By  A.  J.  Van  Eijnd- 
HOVEN.     Crown  8vo  ...  ...  ...  ...  ...  4     o 
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HOROLOGY. 

Watch  and  Clock  Maker's  Handbook,  Dic- 
tionary and  Guide.  By  F.  J. «  Britten.  Tenth 
edition,  450  illus.  crown  8vo  ...  ...         net  5     o 

Former  Watch  and  Clock  Makers  and  their 
Work.  By  F.  J.  Britten.  187  illus.  crown 
8vo        ...  ...  ...  ...  ...  ...         net  5     o 

The  Springing  and  Adjusting  of  Watches.     By 

F.  J.  Britten.     75  illus.  crown  8vo  ...         net  3     o 

Prize  Essay  on  the  Balance  Spring  and  its  Iso- 
chronal Adjustments.  By  M.  Immisch.  Crown 
8vo        ...  ...  ...  ...  ...  ...  ...  2     6 

Treatise    on    Watchwork,   Past   and   Present.     By 

H.  L.  Nelthropp.     Illustrated,  crown  8vo         ...  6     6 


HYDRAULICS. 

Pumps,  Water  Wheels.     {Sec  also  Water  Supply.) 

Pumps :  Historically,  Theoretically  and  Practically 
Considered.  By  P.  R.  Bjorling.  Second  edition, 
156  illus.  crown  8vo  ... 


Pump    Details. 

Crown  8vo 


By    P.    R.    Bjorling.       278  illus. 


Direct-Acting  Pumping  Engine  and  Steam  Pump 
Construction.    By  P.  R.  Bjorling.     Crown  8vo 

Pumps  and  Pump  Motors :  A  Manual  for  the  use 
of  Hydraulic    Engineers.      By  P.   R.   Bjorling 
Two  vols.,  261  plates,  royal  4to     ... 

Practical     Handbook    on    Pump    Construction 

By   P.    R.   Bjorling.     Second  edition,  g  plates 
crown  8vo 

Water  or  Hydraulic  Motors.    By  P.  R.  Bjorling 
206  illus.  crown  8vo  ... 
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Hydraulic  Machinery,  with  an  Introduction  to 
Hydraulics,  hy  R.  G.  Blaine.  275  illus.  demy 
Svo        ...  ...  ...  ...  ...  ...  ...  14     o 

Practical    Hydraulics.       By   T.    Box.      Thirteenth 

edition,  iS  plates,  crown  Svo  ...  ...  ...  5     o 

Hydraulic,  Steam,  and  Hand  Power  Lifting  and 
Pressing  Machinery.  By  F.  Colver.  Second 
edition,  <S8  plates,  imperial  8vo       ...  ...  ...      180 

Pumps  and  Pumping  Machinery.     By  F.  Colyer. 

Vol.  I.       Second  edition,  53  plates,  Svo  ...  ...      i      8     o 

Vol.  II.     Second  edition,  48  plates,  Svo  ...  ...150 

Construction  of  Horizontal  and  Vertical  Water- 
wheels.   ByW.CuLLEN.   Second  edition,  small  4to  5     o 

Tables  giving  Hydraulic  Mean  Depth  and  Area 
of  Circular  Sewers.  By  R.  De  Salis.  Svo, 
sewed  ...  ...  ...  ...  ...  ...  ...  t      o 

Donaldson's  Poncelet  Turbine  and  Water  Pres- 
sure Engine  and  Pump.  By  W.  Donaldson. 
4to         5     o 

Principles    of    Construction    and    Efficiency    of 

Waterwheels.     By  W.  Donaldson.     Svo         ...  5     o 

Practical  Hydrostatics  and  Hydrostatic  Formulae. 

By  E.  S.  Gould.     27  illus.  114  pp.  iSmo,  boards. 

(New  Yovk)       ...  ...  ...  ...  ...         net  2     o 

Hydraulic  and  other  Tables  for  purposes  of 
Sewerage  and  Water  Supply.  By  T.  Hennell. 
Second  edition,  crown  Svo  ...  ...  ...  ...  50 

Experiments  on  the  Friction  of  the  Leather 
Collar  in  Hydraulic  Presses.  By  J.  Hick.  Svo, 
sewed  ...  ...  ...  ...  ...  ...  ...  i     o 

Hydraulic  Tables  for  finding  the  Mean  Velocity  and 
Discharge  in  Open  Channels.  By  T.  Higham. 
Second  edition,  super-royal  Svo     ...  ...  ...  76 

Tables  for  Calculating  the  Discharge  of  Water 

in  Pipes  for  Water  and  Power  Supplies.  In- 
dexed at  side  for  ready  reference.  By  A.  E.  Silk. 
Crown  Svo      ...  ...  ...  ...  ...  ...  5     o 

Simple   Hydraulic   Formulae.      By  T.  W.  Stone. 

Crown  Svo       ...  ...  ...  ...  ...  ...  4     o 
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INDUSTRIAL   CHEMISTRY    AND 
MANUFACTURES. 

Brewing   Calculations,   Gauging  and    Tabulation. 

B}*  C.   H.   Bater.     340  pp.  54mo,  roan,  gilt  edges  i     6 

A  Pocket  Book  for  Chemists,  Chemical  Manu- 
facturers, Metallurgists,  Dyers,  Distillers,  etc. 
By  T.  Bayley.  Seventh  edition,  550  pp.  royal 
32mo,  roan,  gilt  edges  ...  ...  ...  ...  5     o 

A  Pocket  Book  for  Pharmacists,  Medical  Prac- 
titioners, Students,  etc.  By  T.  B.-vyley.  Royal 
32mo,  roan,  gilt  edges  ...  ...  ...  ...  3     o 

Practical  Receipts  for  the  Manufacturer,  the 
Mechanic  anei  for  Home  use.  By  H.  R.  Berke- 
ley and  W.  M.  Walker.     250  pp.,  demy  Svo    net  7     6 

Weaving  Calculations.     By  C.  P.  Brooks.     Crown 

Svo        ...  ...  ...  ...  ...  ...  ...  2     6 

A  Treatise  on  the  Manufacture  of  Soap  and 
Candles,  Lubricants  and  Glycerine.  By  W.  L. 
Carpenter  and  H.  Leask.  Second  edition, 
104  illus.  456  pp.  crown  Svo  ...  ...  ...  12     6 

A  Text  Book  of  Paper  Making.    By  C.  F.  Cross 

and  E.  J,  Bevan.     Second  edition,  crown  Svo    ...  12     6 

Sugar  House  Notes  and  Tables.    By  N.  Deerr. 

Svo        ...  ...  ..  ...  ...  ...         net         10     6 

The  "Non  Plus  Ultra"  Soda  Fountain  Re- 
quisites of  Modern  Times.  A  Practical 
Receipt  Book  for  Druggists,  Chemists,  etc.  By 
G.  H.  DuBELLE.  Second  edition,  crown  Svo. 
[New  York)       ...  ...  ...  ...  ...         net  5     o 

Treatise  on  the  Evaporation  of  Saccharine, 
Chemical  and  other  Liquids  by  the  Midtiple 
System  in  Vacuum  and  Open  Air.  By  J. 
Foster.     Second  edition,  49  plates,  Svo  ...         net     i      i     o 

Practical    Studies  in    Fermentation.      By  E.  C. 

Hansen.       Translated    from     the     German    by 

A.  K.  Miller,  Ph.D.      290  pp.  Svo  12     6 
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The  Chemistry  of  Fire  and  Fire  Prevention 
H.  and  H.  Ingle.     45  illus.  crown  8vo    ... 


Brewing  with  Raw  Grain. 

Crown  (Svo 


By 
By  T.  W.   LoviBOND 


Leather  Industries  :  Laboratory  Book  on  Analyti 
cal  and  Experimental  Methods.  By  H.  R 
Procter.     29  illus.  297  pp.  demy  Svo 

Principles  of  Leather   Manufacture.     By  H.  R 

Procter,      ioi  illus.  520  j)p.  medium  Svo  net 

Theoretical  and  Practical  Ammonia  Refrigera- 
tion.    By  I.  I.  Redwood.     Third  edition,  square 

i6mo.     (New  York)     ...  ...  ...  ...         net 

Breweries  and  Maltings.  By  G.  Scammell  and 
F.  Colyer.     Second  edition,  20  plates,  Svo 

Text    Book   of  Physical    Chemistry.     By  C.   L. 

Speyers.      230  pp.  demy  Svo.     [Neiv  York) 

Spons'    Encyclopaedia    of   the    Industrial    Arts, 

Manufactures       and        Commercial       Products. 
1,500  illus.  2,100  pp.  super-royal  Svo. 
In  2  Vols.,  cloth 

,,  5  Divisions,  cloth     ... 

,,  2  Vols,  half  morocco,  top  edge  gilt 

The   Practical  Polish  and  Varnish   Maker.     By 

H,  C.  Standage.     270  pp.  crown  Svo 

Practical    Work    in    Organic    Chemistry.      By 

F.  W.  Streatfeild.     Crown  Svo  ... 

Pigments,  Paints  and  Painting.  By  G.  Terry. 
49  illus.  crown  Svo    ... 

Tables  for  the  Quantitative  Estimation  of  the 
Sugars.  By  E.  Wein  and  W.  Frew.  Crown 
Svo        

Workshop     Receipts.       For    the     use    of    Manu- 
facturers,   Mechanics    and    Scientific    Amateurs. 
Crown  Svo,  5  vols.     ...  ...  ...  ...       each 

First  Series.     Miscellaneous. 
Second    ,,         Chemical  Manufactures. 
Third       ,,         Electrical  and  Metallurgical. 
Fourth     ,,         Handicrafts    and    Mechanical 

Subjects. 
Fifth        ,,         Miscellaneous. 
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The  Manufacture  of  Chocolate  and  other  Cacao 
Preparations.  By  P.  Zipperer.  Second  edition, 
87  illus.  280  pp.  royal  8vo    ...  ...  ...         net 
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MARINE    ENGINEERING 
AND  NAYAL    ARCHITECTURE. 


Marine  Propellers.      By  S.  W.  Barnaby.     Fourth 
edition,  6  plates,  demy  8vo  ...  ...  net 

Marine  Engineer's  Record  Book :  Engines. 
By  B.  C.  Bartley.     Svo,  roan        ...  ...         net 

Practical  Marine  Engineering  for  Marine  Engineers 
and  Students.       By   W.   F.    Durand.     314  illus. 
706  pp.  large  Svo.     {New  York)       ...  ...         net 

The  Engineer's  and  Draughtsman's  Data  Book 

for  Workshop  and  Office  Use.       Third  edition 
crown  8vo,  roan 

Yachting  Hints,  Tables  and  Memoranda.  By  A.  C 
Franklin.  Waistcoat  pocket  size,  64mo,  roan 
gilt  edges 

Ditto  ditto  in  celluloid  case 

Steamships  and  their  Machinery  from  first  to  last 
By  J.  W.  C.  Haldane.     100  illus.  8vo 

Tables    for    Constructing    Ships'     Lines.       By 

A.  Hogg.     Second  edition.  8vo 


Submarine  Boats. 

Crown  8vo 


By  G.  W.  Hovgaard.     2  plates, 


Tabulated  Weights  of  Angle.  Tee,  Bulb,  Round, 
Square,  and  Flat  Iron  and  Steel  for  the  use  of 
Naval  Architects,  Ship-builders,  etc.  By  C.  H. 
Jordan.  Fifth  edition,  579  pp.  royal  32mo. 
French  morocco,  gilt  edges... 

Particulars  of  Dry  Docks  on  the  River  Thames. 
By  C.  H.  Jordan.  On  a  sheet  folded  in  cloth, 
iSmo    ... 
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Questions  and  Answers  for  Marine  Engineers, 

with  a  Practical  Treatise  on  Breakdowns  at  Sea. 
By  T.  Lucas.  12  folding  plates,  515  pp.,  gilt 
edges,  crown  8vo.     {New  Yoyk)       ...  ...         net  8     o 

Marine  Transport  of  Petroleum.     By  H.  Little. 

66  illus.  crown  8vo    ...  ...  ...  ...  ...  10     6 

Progress  of  Marine  Engineering  from  the  tune 
of  Watt  to  the  present  day.  By  J.  Main.  67  illus. 
crown  8vo.     (New  York)       ...  ...  ...  ...  7     6 

Reed's  Engineers'  Handbook  to  the  Board  of 
Trade  Examinations  for  certificates  of  Com- 
petency as  First  and  Second  Class  Engineers. 
Seventeenth  edition,  8vo     ...  ...  ...         net         14     o 

Reed's    Examination    Papers    for    Extra    First 

Class  Engineers.     Third  edition,  8vo    ...         net         14     o 

Reed's  Polyglot  Guide  to  the  Marine  Engine  in 

English,  French,  German  and  Norsk.       Oblong 

8vo        ...  ...  ...  ...'         ...  ...         net         10     o 

Reed's  Marine  Boilers.    Second  edition,  crown  8vo 

net  4     6 

Reed's  Useful   Hints  to   Sea-going  Engineers. 

Third  edition,  crown  8vo      ...  ...  ...         net  3     6 

Naval  Architects'  and    Engineers'    Data   Book. 

By  T.  H.  Watson.     Fcap.  8vo,  cloth      ...         net  3     6 


MATERIALS, 

Testing     Machines.        By  A.   V.   Abbot.       i8mo,. 

boards.      (New  York)...  ...         ...  ...         net  2     o 

Practical  Treatise  on  the  Strength  of  Materials. 

By  T.  Box.      Fourth  edition,  27  plates,  536  pp., 

8vo        ...  ...  ...  ...  ...  ...         net  12     6 

Treatise    on   the    Origin,    Progress,    Prevention 
and  Cure  of  Dry  Rot  in  Timber.     By  T.  A. 

Britton.     10  plates,  crown  8vo     ...  ...  ...  76 

Portland    Cement :    its    Manufacture,  Testing   and 

Use.     By  D.  B.  Butler.     85  illus.  8vo   ...  ...          18     o 
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Cement  Users'  and  Buyers*  Guide.    By  Calcare. 

321110,  leather ...  ...  ...  ...  ...         net  2     6 

Twenty  Years'  Practical  Experience  of  Natural 
Asphalt  and  Mineral  Bitumen.  By  W.  H. 
Delano.     Crown  8vo,  parchment...  ...  ...  2     o 

Experiments  on  the  Strength  of  Cement.     By 

J.  Grant.     8vo  ...  ...  ...  ...  ...  10     6 

Stone :  how  to  get  it  and  how  to  use  it.  By  Major- 
Gen.  C.  E.  LuARD,  R.E.     8vo        ...  ...  ...  2     o 

Notes    on    Concrete    and  Works  in   Concrete.     By 

J.  Newman.       Second  edition,  250  pp.  crown  8vo  6     o 

Testing    of    Pipes    and    Pipe-joints    in    the    Open 

Trenches.     By  M.  M.  Paterson.     8vo,  sewed   ...  2     o 

Lubricants,  Oils  and  Greases.    By  I.  I.  Redwood. 

8vo        ...  ...  ...  ...  ...  ...  ...  4     6 

Practical  Treatise  on  Mineral  Oils  and  their 
By-Products.  By  I.  I.  Redwood.  67  illus.  350  pp. 
demy  8vo         ...  ...  ...  ...  ...  ...  15     o 

Silico-Calcareous  Sandstones.     By  E.  Stoffler. 

5  plates,  8vo,  sewed  ...  ...  ...         net  4     o 


lYlATHEIYlATICS. 

Imaginary  Quantities.  By  M.  Argand.  Trans- 
lated by  Prof.  Hardy.    i8mo,  boards.  (NewYoyk) 

net  2     o 

Text   Book   of  Practical  Solid   Geometry.     By 

E.  H.  DE  V.  Atkinson.     Revised  by  Major  B.  R. 

Ward,  R.E.     Second  edition,  17  plates,  8vo       ...  7     6 

Quick  and   Easy  Methods  of  Calculating,    and 

the    Theory    and     Use    of   the   Slide  Rule.      By 

R.  G.  Blaine.     Second  edition,  i6mo,  leather   ...  26 

General    Method   of   Solving    Equations    of   all 

Degrees.      By  O.  Byrne.     8vo,  sewed       ...  ...  i     o 

Symbolic  Algebra,  or  the  Algebra  of  Algebraic 
Numbers.  By  W.  Cain.  i8mo,  boards.  {New 
York)     ...  ...  ...  ...  ...  ...         net  2     o 
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Principles  of  Graphic  Statics.     By  G.  S.  Clarke. 

Third  edition,  ii  plates,  4to  ...  ...  ...  12 


Nautical    Astronomy.     By  J 

8vo 

Plane  Geometrical  Drawing 

Crown  8vo 

Chemical  Problems.     By  J.  C 

(New  York) 


H.  CoLviN.     Crown 
}tet 

By   R.  C.  Fawdry. 
net 

FoYE.      xSmo  boards. 
ttet 


Elementary  Treatise  on  the  Calculus  for  Engineer- 
ing Students.  By  J.  Graham.  Second  edition, 
crown  8vo        ...  ...  ...  ...  ...  ...  7     6 

Algebra  Self-Taught.    By  P.  Higgs.    Third  edition, 

crown  8vo        ...  ...  ...  ...  ..  ...  26 

Galvanic    Circuit    investigated    Mathematically. 

By  G.  S.  Ohm.    Translated  by  William  Francis. 

iSmo  boards.    (New  York)     ...  ...  ...         net  2     o 

Elementary  Practical   Mathematics.     By  M.   T. 

Ormsby.     420  pp.  demy  8vo  ...  ...  net  7     6 

Elements  of  Graphic  Statics.     By  K.   V^on  Ott. 

Translated  by  G.  S.  Clarke.      Crown  8vo  ...  5     o 

Figure  of  the  Earth.     By  F.  C.  Roberts.     i8mo, 

boards.     (New  York)  ...  ...  ...  ...         net  2     o 

Arithmetic    of   Electricity.     By  T.   O'C.   Sloane. 

Thirteenth  edition,  crown  Svo.     (New  York)       net  4     6 

Origin,  Rise  and  Progress  of  the  Science  of 
Geometry  and  Mathematics.  By  Prof.  H. 
Spooner.     Crown  8vo,  sewed         ...  ...  net  2     o 

Graphic  Method  for  Solving  certain  Questions 
in  Arithmetic  or  Algebra.     By   G.   L.   Vose. 

i8mo,  boards.     (New  York)  ...  ...  ...         net  2     o 


MECHANICAL  ENGINEERING. 

Steam  Engines,  Steam JBoilers,  etc. 

Handbook  for  Mechanical   Engineers.     By  Hy. 
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Mechanics    of   Ventilation.      By  G.  W.    Rafter. 

Second  edition,  i8nio,  boards.     (New  York)         net  1     o 


WATER  SUPPLY. 

{See  also  Hydraulics.) 

Modern  System  of  Water   Purification   or   True 

SofteninjT.      By  W.  (i.  Atkins.     8vo         ...         net  i     o 

Water  Softening  and  Purification.    By  H.  Collet. 

Illustrated,  crown  8vo  ...  ...  ...  ...  5     o 

Treatise  on  Water  Supply,  Drainage  and  Sanitary 

Appliances  of  Residences.   B}^  F.  Colyer.   Cr.  Svo  3     o 

Report  on  the  Investigations  into  the  Purifica- 
tion of  the  Ohio  River  Water  at  Louisville, 
Kentucky.  B3'  G.  W.  Fuller.  8  plates,  4to, 
cloth.    {New  York)      ...  ...  ...  ...  ...220 

The  Metropolis  Water  Act    (1902).     With  map. 

By  T.  Hennell.      8vo,  sewed         ...  ...         vet  2     o 

Purification  of  Public  Water  Supplies.    By  J.  \V. 

Hill.     314  pp.,  Svo.     {Netc'  York)  ...  ...  ...  10     6 

Well  Boring  for  Water,  Brine  and  Oil.    By  C.  Isler. 

go  illus.  Svo,  cloth     ...  ...  ...  ...         net         10     o 

Water  Supply.      By  J.  Parry.     New  edition,  crown 

«^'o        3     6 

On     Artificial     Underground    Water.      B3'    G. 

RicHERT.     Svo,  sewed  ...  ...  ...         net  i      6 

Notes    on    Water    Supply.       fjy    F.    W.    Stone. 

Crown  Svo       ...  ...  ...  ...  ...  ...  50 

The  Principles  of  Waterworks  Engineering.    By 

J.    H.    T.    Tudsbery    and    A.    W.    Brightmore. 

Second  edition,  13  plates,  medium  8vo     ...  ...      150 
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USEFUL  TABLES. 

Weights    and    Measurements    of    Sheet    Lead. 

By  J.  Alexander.      321110,  roan      ...  ...  ...  i      6 

Tables  of  Parabolic  Curves  for  the  use  of  Railway 
Engineers  and  others.  By  G.  T.  Allen.  Fcap. 
161110    ...  ...  ...  ...  ...  ...  ...  4     o 

Tables  of  Logarithms  of  the  Natural  Numbers 
from  I  to  108,000.  By  C.  Babbage.  Stereotype 
edition,  8vo     ...  ...  ...  ...  ...  ...  7     6 

Barlow's  Tables  of  Squares,  Cubes,  Square  Roots, 

Cube  I^oots  and  I^eciprocals.     Crown  8vo  ...  6     o 

French  Measure  and  English  Equivalents.     By 

J.  Brook.     Second  edition,  fcap.  321110,  roan      ...  i      o 

Tables  of  Squares.      By  E.  E.  Buchanan.     Ninth 

edition,  i2mo.     [New  York)  ...  ...  ...         net  4     6 

A  Dictionary  of  Metric  and  other  useful  Measures. 

By  L.  Clark.     8vo    ...  ...  ...  ...  ...  6     o 

Land  Area  Tables.     By  W.  Codd.     Square  i6mo, 

on  a  sheet  mounted  on  linen  and  bound  in  cloth  3     6 

Tables  for  Setting  out  Curves  from  loi  to  5000 
feet  radius.  By  H.  A.  Cutler  and  F.  J.  Edge. 
Royal  321110     ...  ...  ...  ...  ...  ...  2     6 

Transition  Curves.     By  W.  G.  Fox.    iSmo,  boards. 

(New  York)       ...  ...  ...  ...  ...         net  2     o 

Tables  of  the  Weight  of  Iron.     By  W.  J.  Girder. 

On  large  folding  card  ...  ...  ...  ...  10 

Superficial  Ready  Reckoner  for  Boards,  Deals, 
Battens,  etc.,  giving  measurements  from  i  ft. 
X  i  in.  to  50  ft.  X  3  ft.  By  R.  Hall.  8vo, 
sewed  ...  ...  ...  ...  ...  ...         net  1     o 

Table  of  the   Power    of   Leather    Belting    and 

Shafts.     By  C.  L.  Hett.     On  folding  card        ...  i     q 
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Tables  of  some  of  the  Principal  Speeds  occm  ring 
in  Meclianical  Engineering,  expressed  in  Metres 
per  second.      B}'  P.  Keeravkff.      icSmo,  sewed  ...  6 

Turner's  and  Fitter's  Pocket  Book.      B3    J.    La 

NiccA.      iSmo,  sewed  ...  ...  ...  ...  6 

Tables  for  Engineers  and  Mechanics,  giving  the 
values  of  the  different  trains  of  wheels  required  to 
produce  Screws  of  any  pitch.  By  Lord  Lindsay. 
Second  edition,  ro3'al  8vo,  oblong...  ...  ...  2     o 

Screw-cutting  Tables.    By  W.  A.  Martin.    Seventh 

edition,  ro3'al  8vo,  oblong    ...  ...  ...  ...  i     o 

Metrical  Tables.   By  Sir  G.  L.  Molesworth.   Third 

edition,  ro3^al  321110   ...  ...  ...  ...  ...  2     o 

Planimeter  Areas.  Multipliers  for  various  scales. 
By  H.  B.  Molesworth.  Folding  sheet  in  cloth 
case       ...  ...  ...  ...  ...  ...         net  i      o 

Tables  for  setting  out  Half- Widths  on  Railways, 
Roads,  Canals,  etc.  By  J.  S.  Olver.  Crown 
8vo,  cloth         ...  ...  ...  ...  ...         net  2     6 

Turner's    Handbook  on  Screw-cutting,   Coning, 

etc.     B3-  W.  Price.     Fcap.  8vo    ...  ...  ...  i     o 

Reed's  Screw  and  Worm-wheel  Cutting  up-to- 
date.     Ro3'al  32010    ...  ...  ...  ...          ...  26 

Rownson's  Iron  Merchants'  Tables  and  Memo- 
randa, Weights  and  Measures.     321110,  leather  ...  3     6 

Spons'  Tables  and   Memoranda  for   Engineers. 

B3'  j.    r.    Hurst,  C.L.     Twelfth  edition,  641110, 

roan,  gilt  edges  ...  ...  ...  ...  ...  i     o 

Ditto  ditto  in  celluloid  case  i     6 

Gauges    at    a    Glance.       By  T.   Taylor.       Second 

edition,  post  8vo,  oblong,  with  tape  converter   net  5     o 

Optical  Tables  and  Data,  for  the  use  of  Opticians. 

By  S.  P.  Thompson.     Oblong  8vo  ...         net  6     o 
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Traverse  Table,  showing  Latitudes  and  Departure 
for  each  Quarter  degree  of  the  Quadrant,  and  for 
distances  from  i  to  loo  ;  to  which  is  also  appended 
a  Table  of  Natural  Sines  and  Tangents  for  each 
5  min.  of  the  Quadrant.  i8mo,  boards.  [New 
Yoyk)     ...  ...  ...  ...  ...  ...         net  2     o 

Short    Logarithmic  and  other  Tables.      By  W.  C. 

Unwin.     Fourth  edition,  small  4to  ...  ...  3     o 

Fifty-four  Hours'  Wages  Calculator.    By  H.  N. 

Whitelaw.     Second  edition,  8vo  ...  ...         net  1     6 

Wheel  Gearing.  Tables  of  Pitch  Line  Diameters, 
etc.  By  A.  Wildgoose  and  A.  J.  Orr.  Fcap. 
32010    ...  ...  ...  ...  ...  ...         net  2     o 

A.  B.  C.  Logarithms  for  general  use,  with  lateral 
index  for  ready  reference.  By  C.  J.  Woodward. 
Crown  8vo,  limp  leather      ...  ...  ...  ...  40 


MISCELLANEOUS. 


Bicycle    Repairing.       By  S.  D.  V.  Burr.       Fifth 

edition,  200  illus.  8vo.     {New  York)  ...         net  4     6 

The   Phonograph,  and   how  to   construct    it.      By 

W.  GiLLETT.     6  plates,  crown  8vo  ...  ...  50 

Paint  and   Colour   Mixing.     By  A.  S.  Jennings. 

4  coloured  plates,  94  pp.,  8vo  ...  ...         net  5     o 

Prize  Essay  on  the   Suspension   of  Carriages. 

By  W.  Philipson.     64  plates,  8vo  ...  ...  5     o 

Spons'  Engineer's  Diary  and  Year  Book,  issued 

annually.     4to  ...  ...  ...  ...  ...  36 

Spons'  Mechanics'  Own  Book :  A  Manual  for 
Handicraftsmen  and  Amateurs.  •  Fifth  edition, 
1430  illus.  720  pp.  demy  8vo  ...  ...  ...  6     o 

Ditto  ditto  half  morocco    '       ...  ...  76 
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The  Journal  of  the  Iron  and  Steel  Institute. 

Edited  by  Bennett  H.  Brough,  Secretary. 
Published  Half-yearly,  8vo,  cloth,   165. 


The   Journal   of  the   Institution   of  Electrical 
Engineers. 

Edited  by  W.  G.  McMillan,  Secretary. 


The  Transactions  of  the  Society  of  Engineers. 

Edited  by  Perry  F.  Nursey,  Secretary. 
Published  Annually,  8vo,  cloth,  155. 


The   Proceedings   of  the    Incorporated  Association 
of  Municipal  and  County  Engineers. 

Edited  by  Thomas  Cole,  Assoc.  M.  Inst.  C.E. 
Published  Annually,  8vo,  cloth,  21s. 


The   Transactions  of  the   Incorporated  Institution 
of  Gas  Engineers. 

Edited  by  Thomas  Cole,  Assoc.  M.  Inst.  C.E. 
Published  Annually,  Bvo,  cloth,  21s. 


The  Transactions  of  the  Institution  of  Mining  and 
Metallurgy. 

Edited  by  C.   McDermid,  Secretary. 
Published  Annually,  boards,  215.  net,  or  half-bound,  25s.  net. 


London:    E.  &  F.  N.  SPON,  Ltd.,  125  Strand, 
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ADVERTISEMENTS. 


Wright,  Clark  &  Wallis 

(formerly  WRIGHT  &  CO.,  Established  1878). 


MAKERS   OF  THE    BEST 

ROLLER    GRINDING    MILLS 

FOR 

Paints,  Inks,  Pigments,  &c. 


PUGS  &  MIXERS 


SOLE    MAKERS    OF 

CLARK'S  THREE  &  FIVE  ROLLER  MILLS 
WALLIS'  PATENT  FOUR  ROLLER  MILLS 


General  Engineers  and  Millwrights 


REPAIRS  TO   MACHINERY  A  SPECIALTY 


ENGINEERING  WORK  DONE  FOR  THE  TRADE 


157   SOUTHWARK  BRIDGE  ROAD, 

ILiONDON,     S.E. 
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Cdgar  Allen  6  Co. 


FOR 


Limited 


^ 


TRAMWAY    MATERIAL 

Of  all  Kinds. 
LAYOUTS 

Constructed  complete  on  our  works.  We  have  recently 
finished  Nottingham  Central  Terminus,  one  of  the  most 
important  junctions  in  Great  Britain. 

POINTS   and   CROSSINGS 

\\\i\\    or     without    Renewable    Centres    of    Allen's 
<iMPERl^        MANGANESE     STEEL     or     Special 
Hardened  Cast  Steel. 

PATENT   DRAIN    RAILS 

For  draining  tramways.  Will  save  their  cost  in  a  few 
months. 

PATENT  JOINT   PLATES 

Over  250,000  in  use. 

TIE=BARS 

In  Mild  Steel  or  Wrought  Iron. 

FISH    BOLTS 

In  Mild  Steel  or  Wrought  Iron.  With  or  without  Lock  Nuts. 

PATENT   RAIL  CARRIAGES 

For  the  easy  moving  of  rails. 

PLATELAYERS*  TOOLS 

of  all  kinds. 

WRITE  FOR  ILLUSTRATED  CATALOGUE. 

PROPRIETORS   OF   THE    BUSINESS    OF 

Askham  Bros.  6  Wilson,  Ld. 

OVER  20  YEARS'  EXPERIENCE.  ^  SHEPPIELD. 


cf^-j^-^y^ 


ADVERTISEMENTS. 


W.  H.  MARLING 

jYlathenjatical,    l)rawirjg   aijd 
Survey iijg    Jrjstrument    J^ai}u-facturert 

47   FINSBURY  PAVEMENT,  LONDON,  E.C. 

Contractor  to  His  Majesty  s  War  Department, 
Admiralty,  Council  of  India,  &c. 


ESTABLISHED 
1851. 


Factory : 

GROSVENOR   WORKS 

HACKNEY. 


14    0 

12  10 

13  0 
11  10 


';!»,■}■ 


No.  1 133. 

1 133  Fourteen-Inch  Dumpy  Level,  of  best  workmanship  and 

finish — bell-metal  centres — achromatic  telescope — aluminium 
ring  compass — two  eye-pieces — three-screw  adjustment  and 
locking  plates — screw-driver,  &c. — in  mahogany  case— with 
tripod  stand  ........ 

1 134  Fourteen-Inch  ditto,  without  compass 

1 135  Twelve-Inch  ditto,  with  compass     .... 

1 1 36  Twelve-Inch  ditto,  without  compass 
1 139  Harling's  Special  Twelve-Inch  Dumpy  Level,  of  good 

workmanship,  but  not  extra  finish — achromatic  telescope — 
four-screw  parallel  plates,  &c. — in  mahogany  case — with 
round  tripod  ........ 

1330  Eightefn-Feet  Sopwith's  Telescopic  LEVELLING- 

STAFF,  painted  readings.  English  or  metre,  mahogany 
boxes,  well  screwed        ....... 

1 331  Sixteen-Feet  ditto  ditto 

1332  Fourteen- Feet  ditto  ditto 

1314  Lancewood  Rods,  Five-Fe*:t,  Jointed,  with  Spring,  stained  black,  eac 

3/6  and  4/-. 

131 5  Ditto,  ditto,  ditto,  divided  throughout  to  inches  and  eighths,  each  4/6. 

1341  Staff  Face  Protector,  to  strap  Levelling  Staff  and  Tripod  together,  per  pair  3 
1359  "Constantia"  Best  Linen  Tape,  50  ft.  7/-,  66  ft.  8/-,  loc  '^ 
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3  0 
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